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; SIGNIFICANT feature of the debate on auto- 
t * Kodak’ A mation which Lord Macdonald of Gwaenysgor 


selected initiated in the House of Lords on October 23 was 
pPlicd to}, emphasis placed on the social aspects of tech- 
in finding nology. It was clearly recognized that technical 
change is @ social process as well as a technical one, 
and that if it is to proceed smoothly and the nation 
is to reap the full benefit that automation can offer, 
Used jn]due attention must be given to the social problems 
4 morefinvolved. Here the greatest problems are, as Lord 
al range Hailsham emphasized when replying for the Govern- 
a “_ ment on the debate, in the field of education. Lord 
of pe Hailsham said he doubts whether it has yet been 
—Kodak’ |realized what a profound impact the developments 
fe AR. 10 }represented by automation will make upon the 
aan educational system of Britain, and he pointed out 
; that this is as true of general education as of tech- 

n Plate, |nical education. 
esolution| What is equally important is that much research 
2 ne is still needed on various social and economic aspects 
S. ‘Othe of technical innovation. The report on automation 
issued by the Department of Scientific and Industrial 
Research last May listed a number of specific topics 
STRY on which research was in progress, many of these 


T specific 


projects being financed at least in part by Conditional 
Aid funds derived from economic aid from the United 
States. When questioned as to the continuance of 
such investigations, Lord Hailsham admitted that 
such funds are no longer available. He said, however, 
that it should not be assumed that the researches 
have also come to an end ; but he gave no indication 
las to the scale on which such investigations would 
continue. This is still under consideration by the 
Department of Scientific and Industrial Research 
and by the Government ; but it will certainly consort 
more with the dignity of Britain that work of such 
importance should be financed out of her own 
resources. The Government should be pressed to 
provide adequate resources and to continue efforts 
jto ensure that adequate use is made of the results 
falready available. 

Strong emphasis on the social problems of industry 
is to be found in the Messel Memorial Lecture which 
WSir Alexander Fleck delivered to the Society of 
Chemical Industry on October 12. Messel himself, 
flike Ludwig Mond, was deeply concerned with the 
Hconditions under which the people employed by him 
aworked and lived, and he played an important part, 
flat least on the intellectual side, in making the chemical 
industry contribute to social development. Sir 
Alexander referred to this, and in reviewing the 
Aproblems now facing the industry, he again placed 
his main emphasis on what should be done to enable 
chemical industry to serve more efficiently the social 
as well as the commercial needs of to-day. While, 
for example, he believes that we do not proceed so 
rapidly as some other countries from the research 
stage to production, this may not be a disadvantage, 
provided we take full advantage of that longer interval 
E\/to secure the necessary social adjustment. On the 
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SOCIAL ADJUSTMENT AND TECHNOLOGICAL CHANGE 


other hand, it is possible that such relatively late 
production may involve serious loss of income and 
of profit which can affect the economic strength of 
the nation. The survival and even the strength of 
an industrial firm may to-day, as Mr. Tom Burns 
points out in a study of the social character of tech- 
nology (Impact of Science on Society, September), be a 
matter of great concern to society as well as to the 
firm itself. 

Here obviously is a field for further inquiry, and 
Sir Alexander also questioned whether our research 
is as well aimed as it might be. Still more important 
is the use the chemical industry makes of its per- 
sonnel: the improvement in hours of work and 
working conditions already made do not absolve the 
industry from the need to keep its methods and 
conditions of work under constant review. Sir 
Alexander suggested that, with the continual growth 
of automatic controls and the tendency for work of 
@ monitoring character to extend, it is a major 
problem how to maintain in such work both interest 
and satisfaction for men employed as factory payroll 
workers. 

Here Sir Alexander believes that the development of 
the trade union system in Britain may provide a solu- 
tion, though he suggested that real partnership 
between the less technically equipped members of the 
industry and the technically qualified requires a de- 
veloping type of organization which in general has 
been, and is still, lacking in the different components of 
our industrial life. We need, both in the management 
components and in the trade union components, an 
organization which is flexible, capable of under- 
standing current and impending changes, and willing, 
so far as lies in its power, to support changes which 
will be for the good of the industry and of the people 
employed in it. How far we are yet from such a 
position is sufficiently illustrated by the attempt to 
insist that the fireman of the steam locomotive shall 
be retained on a diesel engine, and by the attitude 
frequently displayed to the working of lodging turns 
on the railways. Such attitudes can only be over- 
come when a great organization takes real care to 
retain its contact with all its workers, rank and file 
as well as departmental heads; and shows itself 
concerned to secure their co-operation, ameliorate 
their conditions and make their lives more prosperous 
and content. Time is required to build up effective 
organization for this purpose, to foster understanding, 
co-operation and trust; Sir Alexander believes that 
works councils could do much to help here, all the 
more as they conform to no rigid pattern but can be 
adjusted and modified to meet the needs of any 
particular section of an industry. 

Sir Alexander did not conceal the fact that the 
increase of automatic control and like changes tend 
to decrease the proportion of factory payroll workers 
to what is loosely called staff. This clearly of itself 
involves other problems of adjustment, of education 
and of change of occupation; and he stressed in 
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conclusion that unless chemical and other industries 
are to work in a geographical or in a cultural desert, 
much more care will have to be taken that their 
operation is constructive and not destructive. To 
his mind, this can only be secured by sociolog- 
ical advance on many fronts—by profit-sharing 
schemes, capital participation, cultural participation 
in art, but above all through a general advance in 
the educational level of the bulk of the population. 

The aspect of service was a dominant note in this 
striking address, and the sense of social responsibility 
in it may contribute largely to the solution of the 
human problems of management which Sir Alexander 
emphasized afterwards in addressing the Textile 
Institute on “Change in Industry” on October 26. 
Discussing the role of the scientist or technologist in 
industry, he pointed out that while technical judg- 
ment is required at all levels of management, there 
are human problems also; and management must 
provide leadership and inspiration as well as tech- 
nical control. The judgment and high qualities of 
industrial statesmanship required are by no means 
solely to be found in those with technical quali- 
fications ; but he believes that the presence of the 
technical man in management has been a material 
factor in the expansion of the chemical industry and 
one that could contribute increasingly to the conflict 
of ideas that keep minds awake and receptive of new 
ideas so that progress is ensured. 

It is interesting to note that while the conception 
of service finds a minor place in the symposium on 
science and social responsibility which forms the 
third in the series “‘Science and the Affairs of Man” 
appearing in the Bulletin of the Atomic Scientists in 
its tenth anniversary year, the note of responsibility 
is strongly sounded. It is equally to be found in the 
article ‘‘Science and Our Times” which Dr. J. R. 
Oppenheimer contributes to the same issue of the 
Bulletin (September 1956). Dr. Oppenheimer points to 
the grave problems of good and evil which increasing 
advances in the biological sciences and in our under- 
standing of man’s psyche, his beliefs, his learning, 
his memory and his probable action will involve. 
Unless we learn to use the new and more certain 
knowledge of man’s behaviour, the danger will 
remain that we may not only suffer material destruc- 
tion but also lose much of our human inheritance— 
much that has enriched our civilization and our 
humanity. 

While Dr. Oppenheimer is hopeful that, despite 
the opportunities we have already missed, we may 
find new opportunities of creating honest and viable 
international communities with increasing common 
knowledge and understanding, he urges that, if the 
free world is to remain free, we must maintain the 
opportunity for a man to learn anything. Indeed, 
argues Dr. Oppenheimer, we must, in a world in 
which the changes wrought by the application of 
science and the din of communication complement 
the unhingeing effects of the explosive growth in 
knowledge itself, cherish man’s curiosity, his under- 
standing and his love, so that he may truly learn what 
is new and hard and deep. The world that we study 
and in which we work is, as he observes, an orderly 
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world ; but it has no central chamber of common 
understanding or common repository of essential 
knowledge. It is a world united by countless bonds 
and it may well be the beginning of wisdom to 
cultivate the virtues, the restraint and tolerance. the 
sense of fraternity that are asked of us, if in this 














































modern world we are to live not in chaos but in 
community. like 
Dr. Oppenheimer was looking to a larger back. Band 
ground than Sir Alexander Fleck, but what he says [ff ove 
of the impact of science on the modern world as ae ™ 
whole is equally true of its impact on the more ff ext 
limited world of industry, and is remarkably in line ff of } 
with what Sir Alexander urged in his Messel Memoria] § men 
Lecture. Like Eugene Rabinowitch in his paper, wor 
“‘History’s Challenge to Scientists’, contributed to the men 
September issue of the Bulletin of the Atomic Scientists, § ator 
Dr. Oppenheimer points to the responsibility of the ff ally 
scientist to contribute by education and persuasion § It 
as well as by political action to the rationalization the 
of the behaviour of nations and of mankind ; and, prog 
in so far as industry is looked upon as a social as § rese 
well as an economic process, the approach and the ff the | 
technique to be used will have much in common. § deri’ 
The keynote is education, and the sense of respons. § scier 
ibility, the ideal of public service, must be informed of ¥ 
and guided by clear ideas not only of what is tech. imp! 
nically possible and desirable but also of mankind’s § appé 
great heritage. No narrow or partial view of life or {J obje 
of industry is likely to avoid disaster, and whether ff the 
or not the scientist finds a solution to his respons. § exist 
ibilities as a citizen in holism or not, as Prof. Alex. Mr. | 
ander Haddow suggests in his article on the scientist J whic 
as citizen, the importance of an education in which # w 
men are trained to respect, understand and reverence that 
human values can scarcely be over-stressed at thef nolo; 
present time. posts 
It is this factor that Mr. Tom Burns appears in.§ lish 
clined to overlook in the article on ‘The Social mere 
Character of Technology” referred to earlier. Hef with 
directs attention to two major changes in theg addr« 
social circumstances affecting the introduction off 'espo 
innovations. The first, already noted, is that thefp ‘ialis 
increase in the size of firms has made their survival ‘™po 
a matter of greater consequence to society than it levels 
ever was before; while the chances of a firm sur-— ™any 
viving are increased if the technical innovations ae 
dealir 





which might render its processes or products obsolete 
are developed within it and not outside. The second 
is a consequence of the scale of scientific and indus- 
trial activity outgrowing the social institutions in 
which the industrial revolution originated, and of the 
departmentalism of science and the development of 
barriers between pure and applied science, and 
between science and industry. The production of 
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invention and innovation tends to become random, — 
and scientists and technical innovators have accord-§ Jntro, 
ingly tended to become organized in professional 528. 

groups which overlap teaching and research institu-§ 1956. 
tions, government departments and agencies, and N¢ 
industry. Mr. Burns does not think that either eo 
change is complete; but he does suggést that M.D:, 
innovation is the natural outcome of the work of af Gopjo 






number of professional technologists in applying 
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>mimnion fi specific techniques to solve the specific problems of a 
sential f user, and that it is not in any sense dependent on the 
- bonds ff efforts of individual entrepreneurs. It will increasingly 
lom to fg take place outside the firm itself; and technology, 
ce, the f organized as a specific social institution, is moving 
in this! more and more into a controlling position. Major 
but in{™ changes in the economic structure of society are 
likely to be derived more from the expansion in size 
back. and power of the technological system than from 
6 says I overt political strategies. 
das af— Mr. Burns’s view of technology as a system 
- more {g extraneous to industry, yet essential to the survival 
in line of individual firms, and of the technologist as a 
moria] @ member of a social system, independent of the factory 
paper, jg workshop, industrial development laboratory, govern- 
to the ment research establishment and university labor- 
ontists, | atory, in which he is closely integral and profession- 
of the ally organized, may be challenged on several grounds. 
uasion — [t appears to take no account of the extent to which 
zation the technical service departments maintained by 
and, | progressive firms provide them with targets for 
‘ial ag @ research and stimulate technical innovation, nor of 
.d the § the extent to which technical innovation may itself 
amon, § derive inspiration from advances in fundamental 
spons- ff science. He does, however, point to the importance 
1rmed§ of what is known as operational research and, by 
tech-| implication rather than by explicit statement, he 
kind’s§ appears to regard industry as a social activity the 
life org objectives of which are determined by the needs of 
tether |B the community in which it operates and which it 
pons- ff exists to serve. The technologist, as visualized by 
Alex. Mr. Burns, will be working largely in those conditions 
entist @ Which Sir Alexander Fleck puts forward as conducive 
which #0 wide views and open minds, and it will be noted 
rence that Mr. Burns makes a strong plea that the tech- 
t the nologiss should move much more freely between 
posts in government, university and industrial estab- 
rs in-| lishments, as well as for effective communication not 
Social! merely between technologists and scientists but also 
Hef with the ordinary citizen. This group of papers and 
the] addresses shows how firmly the idea of social 
n off responsibility has already taken hold of the indus- 
+ the trialist and technologist ; and it also indicates the 
vival importance of greater attention to education at all 
an ite levels, as well as the need for further inquiry into the 
sur-— Many problems of social adjustment that technical 
tions]. innovation brings and the need for due care in 
olete® dealing with the social aspects of such developments 
conde both inside and outside industry. 
dus La 
is in 
‘hel JAMES HUTTON AND JOHN 
“aad PLAYFAIR 
n Off illustrations of the Huttonian Theory of the Earth 
lom,9 By Prof. John Playfair. Facsimile reprint with an 
ord- & Introduction by George W. White. Pp. xix+xx+ 
ional 528. (Urbana, Ill.: University of Illinois Press, 
titu-B 1956.) 4.50 dollars. 
be N Greyfriars Churchyard in Edinburgh thero is a 
ches memorial tablet inscribed: ‘James Hutton, 
M.D., F.R.S.E. 1726-1797. The Founder of Modern 
of 8% Geology”. It is obvious that the emphasis in the 
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last phrase is on the “‘modern’’, because stones and 
the Earth as a whole have been objects of study since 
time immemorial. Before Hutton, much had been 
written about minerals, rocks, mountains, springs, 
rivérs, earthquakes and volcanoes, by naturalists 
and miners. The last decades of the eighteenth 
century saw the emergence of a new approach to 
these subjects by a few men working independently 
but contemporaneously—a new approach which, 
abandoning the idea of mere ‘curiosity’, sought to 
link all natural phenomena into a system and so 
created geology as an organized science. Of these 
‘founders of modern geology’ the three principal 
were: the ‘sage of Freiberg’, Abraham Gottlob 
Werner, bringing order into minerals and rocks ; the 
English surveyor, William Smith, bringing order into 
strata; and finally the Edinburgh medical doctor, 
James Hutton, bringing order into geological pro- 
cesses. This order consisted of a framework and of 
a method. The framewcrk was the geostrophic cycle 
—the cycle of changes in the Earth, constantly 
transforming the materials and the surface of the 
Earth. The method was that of actualism, with its 
motto: ‘The present is the key to the past”. The 
geostrophic cycle consisted of successive processes of 
weathering, denudation, transportation, deposition, 
consolidation of sediments, metamorphism, mag- 
matism, folding and elevation of strata-—this is the 
essence of Hutton’s “Theory of the Earth”. An 
important corollary was that each material was 
determined by a specific process and each specific 
process resulted in a certain material. This led to 
the method of actualism—to understand past 
formations we must understand modern processes. 
The frequently mentioned struggle between the 
Vulcanists and the Neptunists, as associated with 
the names of Hutton and Werner, is a mere ripple 
on the surface, a succés de scandale, as compared with 
the fundamental contributions to the science of 
geology made by these two men. 

Unfortunately, all three—Werner, William Smith 
and Hutton—were clumsy writers and reluctant 
controversialists, and all three required valiant 
champions to fight their battles for them. In 
spite of occasional beauty of phrase, Hutton’s 
“Theory of the Earth” is a difficult book to read 
and understand. Also, its publication in 1795 
happened to fall in a period of reaction provoked 
by the excesses of the French Revolution. Hutton, 
in his lifetime and after his death, was violently 
attacked and accused of free-thinking. Now, we 
see Hutton in a different light. ‘My own opinion,” 
writes Sir Edward Bailey, “is that Hutton’s chief 
sin in the eyes of many of his contemporaries 
was his confident interpretation of God’s pur- 
pose through thoughtful observation of Nature 
without accepting guidance from revelation.” But 
the fact was that at the turn of the century 
Hutton’s work was either unknown or derided, 
whereas Werner’s ideas, some of them without any 
doubt excellent, were all-pervasive among the geo- 
logists. But a few decades brought a miraculous 
change, and Hutton’s ideas now animated the infant 
science of geology. Visibly this transformation was 
due to the genius of Charles Lyell, whose ‘‘Principles 
of Geology” and “Elements of Geology’, published 
during the 1830's, finally consolidated geology into 
an organized science. It was clear to some geologists, 
among them Fitton, that behind Lyell stood Hutton ; 
and at first it is rather difficult to understand how 
Lyell in his letter to Fitton of August 1, 1839, 
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referring to the latter’s review of his ‘‘Elements’”’ in 
which Fitton had given a clear account: of the work 
of Hutton, could write: “It [Fitton’s summary of 
Hutton’s work] has been useful to me, as I found it 
difficult to read and remember Hutton, and though 
I tried, I doubt whether I ever fairly read more than 
half of his writings, and skimmed the rest’. Later 
in the same letter, Lyell, while recognizing the value 
of Playfair in making Hutton’s view better known, 
does not hide his own light under a bushel, for he 
writes: ‘“‘yet as an admirer of Hutton all I could 
have wished is, that your panegyric on Hutton had 
appeared as aiding and seconding my efforts, since I 
trust that no book has made the claims of Hutton 
better known on the Continent of late years than 
mine”’. 

The fact is that it was Playfair’s book that gave 
Lyell all he wanted to know about Hutton’s ideas. 
Playfair acted as a spokesman for Hutton, and 
one may say truly that without Playfair the progress 
of- geology would have been retarded by many 
decades. John Playfair (1748-1819) was a great 
friend of Hutton. He was first minister at Benvie 
and Liff and afterwards professor, first of mathe- 
matics, and then of natural philosophy, in the 
University of Edinburgh. He belonged to the 
brilliant intellectual circle of the Athens of the North 
in her period of glory. As a great friend of Hutton, 
he began, after Hutton’s death in 1797, to collect 
materials for writing his memorial, and this led him 
to a detailed study of Hutton’s geological work, 
which, prompted by the attacks made on Hutton, 
he published in 1802 under the title “‘Illustrations of 
the Huttonian Theory of the Earth’. In 1822 this 
book was republished in the ““Works of John Playfair, 
Esq.”. At the present time both editions are ex- 
tremely difficult to obtain, and thus geologists and 
historians of science must welcome the newly pub- 
lished facsimile reprint of the Playfair’s ‘‘Illus- 
trations’. It is a handsomely printed and bound 
quarto volume containing an introduction, a bio- 
graphical sketch of James Hutton and a biographical 
sketch of John Playfair (pp. v—xix), all three of them 
written by George W. White, of the University of 
Illinois. 5 

The ‘‘Illustrations”’ consist of two parts. The first 
part contains the illustrations proper or “a general 
outline of the system in one continued discourse” 
(pp. 1-140), containing the following sections and 
chapters: Section I, (1) materials of the strata, 
(2) consolidation of the strata, (3) position of the 
strata; Section II, (1) metallic veins, (2) whinstone, 
(3) granite; Section III, phenomena common to 
stratified and unstratified bodies. The second part, 
“Notes and Additions” (pp. 143-528), contains 
twenty-six notes dealing with various geological 
topics. They are of great interest, as they mark the 
extension of Hutton’s horizon of experience and 
contain a certain amount of criticism of his views. 
It is a great pity that criticism was not applied to 
the most vulnerable part of Hutton’s theory, namely, 
to his view that heat alone was responsible for the 
consolidation of strata. 

This is not the place to discuss the merits and 
demerits of the Huttonian theory of the Earth or the 
interpretation of it by Playfair; but by reading the 
two authors in parallel, one can see that the success 
of Playfair’s book was due not solely to his clarity of 
writing but also to a certain amount of simplification 
and to the elimination of what would be considered 
by his contemporaries as vague metaphysical back- 
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ground. The part omitted may have little valuo for 
geology as such, but it is of interest to students 
of the evolution of human thought. Leaving this 
aspect out of consideration, let us give only a smalj 
sample of Playfair’s clarification and simplification 
The passages quoted below refer to the idea tha; 
great features on the Earth must be the products of 
great events, a favourite tenet of the school of 
catastrophists, to which both Hutton and Playfajy 
were opposed. Here is Hutton: “But though, jn 
generalising the operations of nature, we have arrived 
at those great events, which, at first sight, may {jjj 
the mind with wonder and with doubt, we are not to 
suppose, that there is any violent exertion of power, 
such as is required in order to produce a great event 
in little time; in nature, we find no deficiency in 
respect of time, nor any limitation with regard 
to power. But time is not made to flow in vain; 
nor does there ever appear the exertion of super. 
fluous power, or the manifestation of design, not 
calculated in wisdom to effect some general end” 
(I, p. 182). And here is Playfair: “Time per. 
forms the office of integrating the infinitesimal 
parts of which this progression is made up; it 
collected them into one sum, and produces from 
them an amount greater than any that can be 
assigned” (p. 117). 

The success of Playfair’s ‘‘Illustrations’’ was 
due also to the presentation of Hutton’s theory 
in such a way that it would conform to the new 
scientific tradition, in which arrays of facts would 
be used for the formulation of a tentative theory, 
and final causes would have no place at all. 
Looked at in this light, Hutton’s achievement 
must be valued very highly, especially if. we con- 
sider his contribution to the application of the idea 
of development or evolution to the Earth. In this 
respect Hutton stands midway between Kant and 
Darwin. 

All this shows that the present new edition of 
Playfair’s ‘‘Illustrations’’ should be welcomed by all 
interested in the history of scientific ideas. It also 
indicates an obvious gap in our book list—an easily 
available Hutton. The interpretation of Hutton 
being now published, what about the republication 
of the “Theory of the Earth” ? The third volume 
by a strange irony of fate was lost in manuscript for 
more than a century, and when found was published 
in 1899. It would be most appropriate that the 
“Commemorative Volume” of James Hutton, pub- 
lished by the Royal Society of Edinburgh in 1950, 
and the newly republished Playfair book should be 
followed by a facsimile edition of the “Theory of the 
Earth’. As an anticipation of the form it should 
take, and as minor criticism of the present edition of 
the “Illustrations”, I might suggest that it should 
have a good index of subjects, authors and localities 
mentioned in the text, as well as notes throwing light 
on the objects and phenomena described by the 
author, some of which are described in such a way 
that their significance may escape the modern reader. 
For example, Hutton (and Playfair) describe uncon- 
formity without mentioning this term, which was 
introduced in science later. Errata in the original 
edition may be mentioned as well. For example, in 
Playfair’s book we have Vinezia instead of Venezia 
(p. 133) and Palasso instead of Palassou (p. 344). A 
mistake (corrected in the 1822 edition) is also made 
in the numeration of the sub-sections—the number 
134 is duplicated (p. 138 and p. 143). 

8. I. Tomxrmrr 
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THE PHYSICS OF THE SOLID 
STATE 


Solid State Physics 

Advances in Research and Applications. Edited by 
Frederick Seitz and David Turnbull. Vol. 2. (New 
York: Academic Press, Inc.; London: Academic 
Books, Ltd., 1956.) 10 dollars. 


HE second volume of “Solid State Physics” 
maintains the high standards set by the first. 
Moreover it contains matter which will be of interest 
physicists and chemists who, although perhaps 
unable to distinguish an exciton from a donor level, 
wish to know something of the applications of nuclear 
magnetic resonance and neutron diffraction to struc- 
tural and dynamical problems. 

Six years ago G. E. Pake contributed a pair of 
excellent expository articles on nuclear magnetic 
resonance to the American Journal of Physics. They 
are now expanded and brought up to date in the first 
article of the present volume. The author gives very 
clear explanations of such vital concepts as line 
breadth and its associated ‘spin-spin’ relaxation time 
as well as the dynamically determined ‘spin-lattice’ 
relaxation time. Yet perhaps one can, without being 
churlish, deplore the lack of a unified approach which 
recent theoretical work would seem to make possible. 
The newer techniques and discoveries are exciting 
and are well explained. For example, the treatment 
given here of Hahn’s ‘spin echo’ methods is much more 
sasily understood than the original papers; this 
technique is clearly important for investigating 
diffusion processes as well as relaxation times. An 


interesting new development is that partial polariza- 
tion of nuclei can be induced by saturating the 
electron spin resonance of certain metals. Just as 
the polarization of electrons produces in any event a 
iight shift in the nuclear resonance frequency (dis- 
covered by Knight), so in turn does the nuclear 
polarization react on the electronic resonance and 


shift its frequency. Pake suggests that the latter shift 
should be called the ‘day shift’, since it dawns as the 
Knight shift subsides. 

W. D. Knight discusses his shift in considerable 
detail in the second article, oh nuclear magnetic 
resonance in metals. The interest here is more 
specialized. ‘The effect is proportional to the Pauli 
susceptibility and the electron-nuclear (or hyperfine) 
interaction in the metal. It is therefore closely linked 
to the problem of electronic structure and is fairly 
complex. Considerable progress seems to have been 
made already, and in due course the phenomenon 
should be a useful source of information to the metal 
physicist. 

C. G. Shull and E. O. Woilan present a superb 
account of the structura! information so far obtained 
from experiments on neutron diffraction. The power 
of the technique can be seen by contrasting the 
temarkably detailed information it yields about the 
ammonium halide transitions (p. 155) with the véry 
partial results obtained from nuclear resonance 
studies (Pake’s article, p. 81). Other important 
structures which have been investigated by neutron 
diffraction include: ice (Pauling was right), some 
ferro-electrics and liquid helium. Scattering of 
neutrons by phonons gives what is at present rather 
crude information about the vibrational spectrum. 
Results from magnetic scattering by unpaired elec- 
trons are numerous and precise; the technique is 
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obviously of special importance to students of 
magnetism. 

The theory of specific heats and lattice vibrations 
is dealt with in a leisurely and lucid way by J. de 
Launay. A good deal of this material is well known, but 
there are some fresh results, including some particu- 
larly careful comparisons of theory and experiment. 

The longest article in the book (140 pp.) is by 
F. Seitz and J. 8. Koehler on the displacement of 
atoms during irradiation. The authors can scarcely 
be blamed if outsiders find that this is the least 
satisfactory article in the book: the subject is 
intrinsically of great complexity. It may well be 
that to those working in the field of irradiation 
displacements the article will serve as a searchlight, 
because it concentrates on quantitative arguments 
even when they turn out to be wrong by a facior of 
5 or 10. However, this sort of thing is very demoral- 
izing for non-specialists, and one wonders whether it 
might not have been better to have published the 
article elsewhere. R. O. Davies 


DESIGN FOR STATISTICIANS 


Experimental Design 

Theory and Application. By Prof. Walter T. Federer. 
Pp. xix+544+47. (New York and London: The 
Macmillan Company, 1955.) 77s. 


N author who plans to teach the practice of 
design and analysis of experiments commits 
himself to writing more systematically and in greater 
detail than Fisher, yet at a lower level of mathe- 
matical sophistication than Kempthorne. However 
useful his book for reference purposes, he can scarcely 
expect it to prove attractive for consecutive reading. 
Despite these difficulties, Prof. W. T. Federer has 
produced a book that will be valuable to statisticians 
and experimenters. 

Com m with Cochran and Cox, whose similarly 
titled book has established a high standard, is inevit- 
able. Federer includes a greater range of designs, 
especially in respect of factorial sets of treatments 
and of types of lattice, and his instructions for 
analysis of these will be widely used. He is less 
successful in showing relations between designs, his 
system of classification tending to emphasize dis- 
tinctions rather than connexions. Disappointingly, 
but perhaps not surprisingly in view of the difficulty 
of the problems, the discussion of change-over and 
rotation experiments is quite inadequate. The Box-— 
Wilson methods of exploring response surfaces 
receive only a reference that gives no clue to their 
nature. The lengthy account of alternative signi- 
ficance tests in Chapter 2 is not particularly relevant 
to design, and, in view of the incomplete discussion 
of some interesting categories of design, its inclusion 
seems an error of emphasis. 

Many readers will regret the frequency with which 
ideas and techniques are left undescribed, with no 
more than a reference to the original publication in 
& journal. The impressive list of 340 references is of 
interest for many unfamiliar items, and remarkable 
for some of the omissions. In so long a book, how- 
ever, one might expect to find the argument of 
important papers digested and summarized; too 
often, all that appears is a statement of conclusions, 
or perhaps only the title of an unpublished paper or 
inaccessible report, and a proper appreciation of even 
Prof. Federer’s own work is impeded in this way. 
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Teachers of statistics, including even those who do 
not find it suitable as a manual of instruction, will 
welcome this book. Not only does the text contain 
detailed working of many numerical examples, but 
also at the end is a very fine collection of problems 
for further study. These are largely concerned with 
agricultural experimentation—indeed, throughout the 
book there is a curious uncertainty as to whether the 
intention is to discuss field experimentation alone or 
a broader range of experimental situations—but they 
are excellent material for testing the student’s under- 
standing. They are not only exercises in computation 
but also illustrations of the kind of thought needed 
for experimental planning, and their value is increased 
by an additional extensive bibliography. Too often, 
the designing of experiments is regarded as a Pro- 
crustean process of fitting the experimenter’s wishes 
to a standard form; this book rightly encourages 
recognition of the statistician’s responsibility for 
devising a design that is practicable and efficient in 
answering the questions that concern the experi- 
menter. D. J. FINNEY 


AN AGRICULTURAL READER 


A Textbook of General Agriculture 

By James Gillespie and P. Hathaway. Pp. 367+ 28 
plates. (London: Macdonald and Co. (Publishers), 
Ltd., 1956.) 30s. net. 


N England and Wales there are three levels of 

formal education in agriculture. The universities 
give three- or four-year degree courses and supply 
the bulk of the research, advisory and other profes- 
sional workers, though a fair proportion of agricul- 
tural graduates finally become farmers. The agricul- 
tural colleges give two- or sometimes three-year 
diploma courses for those intending to become farmers, 
farm managers or technicians. The county farm 
institutes offer one-year courses which cater for the 
sons of small farmers and farm workers, and 
for others who need a short, mainly practical, 
training. 

As a husbandry text-book, the university student 
has, for many years, mainly relied on Watson and 
Moore’s “‘Agriculture: the Science and Practice of 
British Farming’’, while the college student has been 
faithfully served by Fream’s “Elements of Agricul- 
ture”. Although numerically the farm institutes 
have the greatest output of students, they have not, 
until now, had the great advantage of a generally 
accepted and frequently revised text-book. J. 
Gillespie and P. Hathaway have gone some way to 
fill this gap, but their contribution will need a good 
deal of re-shaping if it is to become a standard text- 
book with a large enough, and a steady enough, 
demand to justify revised editions every four or five 
years. 

Unfortunately, the title is misleading ; the book is 
not a comprehensive text-book. On the contrary, it is, 
as the authors claim, ‘“‘a series of essays that cover a 
number of features of scientific farming”. As such, 
the book is simple and, on the whole, clearly written 
and well illustrated. The subjects of the component 
essays are well chosen. Their range, however, is too 
narrow. Whether one regards this publication as a 
text-book or a reader, it concentrates too much on 
the biological, that is, on the husbandry side of 
farming. In these days, the three sides of the farming 
triangle—husbandry, mechanization and _ business 
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management—are almost equal in importance, so jt 
is rather disappointing to find that Gillespie ang 
Hathaway completely overlook the business side and 
rather neglect mechanization, though there ig g 
useful descriptive chapter on farm machinery. 
These, however, are points which could be put 
right in future editions. The important thing is that 
the authors have had the courage to attempt to {il 
an awkward gap by producing a readable book for g 
type of student that is often unwilling to read. Ip 
later life these students frequently become small 
farmers or, say, herd managers, and we must welcome 
any book which can help to equip them to cope with 
the ever-growing complexity of modern farming. 
A. N. Ducknam 





CHEMISTRY OF LIVING CELLS 


The Chemistry of Living Cells 

(Harper’s Chemistry Series.) By Prof. Helen R, 
Downes. Pp. x+549. (New York: Harper and 
Brothers ; London: Hamish Hamilton, Ltd., 1955,) 
52s. net. 


HIS introductory text-book, by one who hag 

taught biochemistry for many years to senior 
students who major in chemistry or in ono of the 
biological sciences, has a flavour of a kind which is 
all too unusual in modern text-books of biochemistry. 
The historical approach has been widely used in the 
belief that students should be introduced to the out- 
standing scientists in their field and encouraged to 
give them “a local habitation and a namo’’, and short 
biographies of prominent investigators are included 
as footnotes. Delightfully appropriate quotations 
from literature, both scientific and non-scientific, 
introduce many of the different sections. 

The text is lucid and extremely readable, and the 
illustrative diagrams apposite and clear. So far as 
possible, the subject-matter has been presented in 
conjunction with specific experimental data. Each 
chapter concludes with suggestions for further 
reading and a score or so of “Study Questions’’. 

The first part of the book, entitled “Some Pre- 
liminary Considerations’, includes sections on ‘‘Bio- 
chemical History and Literature’, ‘Some Selected 
Properties of Aqueous Solutions” «nd “‘The Structure 
of Living Forms”. Part 2 is concerned with the 
organic constituents of cells—carbohydrates, com- 
pounds of nitrogen, lipids and enzymes. The third 
part, that dealing with ‘“‘Intermediary Metabolism”, 
is naturally the largest and takes up about one-half 
of the whole book. The processes of metabolism in 
micro-organisms and in hi-her plants are, wherever 
appropriate, compared with those in the animal 
world. 

This scholarivy work constitutes an excellent key 
to modern biochemistry for those who have failed to 
keep abreast of a rapidly expanding subject, or who 
may be meeting it in its modern form for the first 
time. Of the author herself, one might perhaps with- 
out disrespect quote the lines from Thomas Hobbes’s 
“Leviathan” with which she opens the section on 
History and Literature, “‘But this is certain; by 
how much one man has more experience of things 
past than another; by so much also he is more 
prudent and his expectations the seldomer fail him”. 
The clarity and accuracy which Prof. Downes has 
infused into this book result from much experience, 
wide reading and careful writing. F. G. Youne 
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CAUSES AND CONSEQUENCES OF SALT CONSUMPTION 


By Dr. HANS KAUNITZ 


Department of Pathology, Columbia University, New York 


HE addition of salt (sodium chloride) to our 

food has been curiously taken for granted 
although there seems to be little physiological 
evidence as to whether or not we are benefited by 
this habit. Ever since historical records have been 
kept, salt has played an amazingly important part 
in the lives of men. Wars have been fought over its 
sources, and for centuries its trade was more impor- 
tant than that of any other material, as can be seen 
from the word ‘salary’+*. Homer called it ‘divine’, 
and it has played an important part in many religious 
cults, in folk-lore and superstitions*. 

Although there was certainly a great deal of deep 
wisdom connected with the use of salt in ancient 
rites, it scarcely seems possible at present to appreciate 
the meaning of the old cults because we have as yet 
been unable to free ourselves from many prejudices 
connected with its use. In our own time, the sharp- 
ness of the discussions as to the advisability of salting 
one’s food may still be a reflexion of this tradition, 
which also makes it understandable that the dis- 
cussions are so frequently carried on by faddists 
rather than nutritionists. 

For these reasons and because the physician is so 
frequently approached with the question of whether 
or not one should use salt, an unprejudiced discussion 
of this subject seemed desirable. It should be stated, 
however, that undeniable facts, which should form 
the basis of this discussion, are indeed scarce. One 
is forced to be guided all too often by biological 
innuendoes and vague clinical impressions ; thus the 
conclusions here set forth should be taken with more 
than a “‘grain of salt’’. 

It seems particularly timely to give consideration 
to the problem of the action of sodium and potassium 
salts from a point of view other than their conven- 
tionally accepted role as regulators of osmotic pressure 
because, in the present era of cell physiology, the 
conclusion is inescapable that inorganic materials 
play an important part in hormonal and enzymatic 
processes. Therefore, it seems not inappropriate to 
discuss the role of sodium and potassium salts from 
this point of view, although at this time the con- 
siderations are largely of a speculative character. 

Theories which lay the groundwork for our own 
concepts were gradually developed about one hundred 
and fifty years ago. In a book which reveals a remark- 
ably modern outlook, Lehmann‘, in 1853, came to 
the conclusion that the adding of salt to natural 
foodstuffs is unnecessary for man. This view seemed 
to be supported by the fact that most animals, in 
freedom and in captivity, do well on natural food- 
stuffs without addition of salt. Although some 
species (for example, cattle, deer, etc.) consume salt 
eagerly when they are offered the substance or when 
they encounter it in salt licks, there is no proof that 
they need it for a healthy life. 

Later, however, von Bunge® formulated his famous 
hypothesis that extra dietary salt is needed by 
populations consuming predominantly vegetable 
products. The excess salt was presumed to be neces- 
sary for the more effective excretion cf potassium. 
Bunge arrived at this conclusion on the basis of 
anthropological studies which he thought indicated 


that nomadic societies mainly subsisting on meats 
do not add salt to their food, whereas, once agri- 
culture is developed, salting becomes necessary. He 
linked this with his observation that the intake of 
salt is accompanied by the rapid onset of potassium 
excretion. However, he emphasized that the large 
amounts of salt usually consumed are out of pro- 
portion to what he thought are biological needs. 
Osborne and Mendel later showed that salt require- 
ments for growth of experimental animals are indeed 
low; their animals were able to live on traces of 
salt®*. Thus, one might have expected that this 
theory could never have achieved major importance ; 
but, curiously enough, this has not been the case, 
and it is still cited without further discussion by 
current text-books of nutrition’ and anthropology®. 

Objections to the theory should by now be all too 
obvious. So far as the increased potassium excretion 
after salt intake is concerned, such a reaction occurs 
unspecifically with many injuries and diseases®, 
Bunge himself never offered any proof that the 
increased potassium excretion is biologically of 
advantage, although he implied so. Now we might 
be inclined to the opinion that these potassium 
losses are disadvantageous. 

As for Bunge’s anthropological data, he brushed 
away the objection that some African tribes mainly 
subsisting on a vegetarian diet use potassium-rich 
plant ashes rather than salt as a condiment’*. Even 
at the present time there exist a considerable number 
of societies which do not add salt to their food. 
Important in this respect are studies by Kroeber! of 
the food habits of Indians of the north-west Pacific. 
In the southern half of the area studied salt was 
used, but not in the northern half. There was no 
predominance of plant or animal food in either region. 

I have been given recent and direct anthropo- 
logical evidence dealing with this question by various 
workers in this field*. I have learned of studies of 
places as distant as Melville Island in Australia, the 
Kalahari Desert in South Africa, and Tierra del 
Fuego which lead to the conclusion that the use or 
non-use of salt by various tribes is irrespective of the 
amount of agricultural products they consume. The 
observation is probably of deep significance’? that 
the Siriono Indians of eastern Bolivia, a hunting 
people, were ignorant of salt until it was introduced 
to them by an anthropologist. At first, they found 
it distasteful, but they later developed a craving for 
it. This indicates that, once some people are exposed 
to salt, they cling to its use stubbornly—as do so 
many of us to the consumption of alcohol, coffee, 
nicotine, etc. 

When carefully weighing the available evidence, 
one cannot escape the conclusion that normal meta- 
bolic processes are possible without the adding of 
salt to natural foodstuffs. Why then do we eat salt ? 
Merely to answer that certain societies like its taste 
whereas others do not would be trite and superficial. 


*I wish to express my gratitude for the invaluable information 
given to me by Miss Jane C. Goodale, of the University Museum of the 
University of Pennsylvania, Drs. 8. K. Lothrop, Hallam L. Movius 
un., and Mr. John Marshall, of the Peabody Museum of Harvard 

niversity, and Dr. Harry Tschopik, jun., of the American Museum 
of Natural History. 
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It seems to me that salt intake is probably correlated 
with emotional stimulation, a fact perhaps more 
keenly appreciated in the superstitions of the ancients 
than in our own rational approach. In view of the 
fact that this stimulation may be consciously or 
unconsciously pleasurable, it may be a causal factor 
in the craving for salt. 

When we now try to deal with the possible con- 
sequences of adding salt to the diet, it must be 
emphasized that the nutritional essentiality of salt 
for humans has been firmly established. Only the 
quantity necessary is much in doubt. For a better 
understanding of this subject, it seems advisable to 
review briefly the main trends in studies dealing with 
the biological effects of sodium chloride. 

One involves investigations of its distribution in 
the organs and the excretion of salt in health and 
disease. Others deal with the peculiar antagonism of 
sodium and potassium in living organisms. An im- 
portant subject of investigation is concerned with 
why salt is an essential ingredient of any living cell ; 
and another trend centres around the regulatory 
mechanisms, especially of the higher animals, 
developed for the maintenance of an optimum 
distribution in the body. 

The high potassium content of the parenchymatous 
cells as opposed to the higher sodium chloride content 
of the blood serum has been recognized at least since 
von Liebig’s time**. Soon thereafter, many studies 
were conducted which gradually led to the recog- 
nition that, in disease, the low sodium chloride 
content of the cell increases while the potassium- 
level decreases!*15, Speculation as to how the body 
can maintain the high concentration gradients within 
the distance of a few microns between the surface of 
the cell and the blood plasma originally involved the 
idea of the specific permeability of cell membranes. 
It was held that the cell membrane is specifically 
permeable to potassium salts and almost impermeable 
to sodium chloride under normal conditions and that 
this is disturbed in disease. 

Some investigators recognized the weaknesses of 
these hypotheses at an early date. Keller, in par- 
ticular, attacked the idea that the separation of the 
minerals was due to the function of an ‘inert’ mem- 
brane rather than to the discriminatory power of the 
whole living cell. He tried to replace this static view 
with his electrostatic theory, the study of which is 
still rewarding even after fifty years'*. Nevertheless, 
the permeability theory was accepted by most bio- 
logists until isotope studies?’-!* proved that the cell 
membrane is equally permeable to both potassium 
and sodium salts and that the low sodium chloride 
content of the cell is due to its rapid expulsion from 
the cell. This mechanism is now often referred to as 
the ‘sodium pump’**, a term which might well be 
improved. Although these studies prove that the 
removal of sodium chloride from the cell is a dynamic 
process the disturbance of which leads to the accumu- 
lation of sodium chloride within the cell and although 
many modern physiologists have demonstrated the 
weaknesses of the membrane theory*!?*, some 
investigators are not as yet ready to give it up 
entirely**. 

The modern concept of competitive antagonisms 
within enzyme systems, which gradually evolved 
from studies on minerals*‘, has proved a useful tool 
for the understanding of some functions of sodium 
and potassium salts. In practically all biochemical 
and pharmacological studies, it has been shown that 
sodium and potassium have opposite functions. For 
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example, potassium salts favour diuresis; sodium 
salts do the opposite. Many more examples hays 
been cited*. Lately, some evidence has been put 
forth that this antagonism is particularly important 
in regard to the action of chloride, the biological 
effect of which depends upon whether it is accom. 
panied by sodium or potassium*. 

In studies concerned with the question of why 
sodium chloride is essential for the living cell, tenable 
ideas are sketchy. It seems important that a number 
of enzyme systems can only function if sodium 
chloride is present at certain concentrations***’, [p 
view of the fact that we now believe that the life of 
the cell is maintained by enzymatic processes, sodium 
chloride is an integral part of the cell. 

These dynamic equilibria are encountered in any 
living organism. In higher animals they are, to a 
considerable extent, under hormonal control, and 
disturbances of the more basic processes become 
noticeable if the hormonal control breaks down. 
Thus, one finds that, in many diseases, the sodium- 
potassium ratio in the tissues is disturbed, which 
probably interferes with metabolic processes bound 
to a constant sodium-—potassium ratio*. It is quite 
probable that in diseases which are of generalized 
character and are also accompanied by signs of renal 
damage, excess dietary salt can enhance the dis. 
turbances of the sodium—potassium ratio in the 
tissues and can thus contribute to the occurrence of 
metabolic failure** ; but these conditions are by no 
means clear, and the influence of dietary salt in 
health and disease can be better appreciated from its 
effect on the hormonal mechanisms than from its 
action on the basic processes. 

The regulatory mechanisms of salt metabolism 
not only involve incretory glands »ut also every 
major organ directly or indirectly. One mechanism 
involving the central nervous system was discovered 
by Claude Bernard*®, who demonstrated that injury 
to a certain part of the medulla is followed by the 
excretion of large amounts of sodium chloride. 
Although a great deal of thought has been given to 
the central nervous regulation of mineral metabolism, 


neither its correlation to other regulating mechanisms § 


nor how it is affected by changes in salt intake is 
clear. 

Renal mechanisms in salt metabolism have received 
considerable attention. In fact, the salty taste of 
urine attracted the curiosity of people for a long 
time, and this was the reason for its medicinal use’. 
Despite the enormous amount of work done since 
then on the excretory mechanism of the kidney, 
there is little evidence as to whether the dietary 
intake of salt eventually interferes with the excretory 
power. From an evolutionary point of view, it is 
well to remember that sodium chloride is a scarce 
material for most animals and is constantly re- 
absorbed by the kidney. Excess salt intake forces 
the kidney to excrete rather than to reabsorb it, 
which may ‘prove too much for it’ in the long run. 
Such a view is supported by the rapid occurrence of 
histological changes in the kidneys of animals on 4 
high dietary salt intake*!. 

The regulatory mechanism for sodium chloride 
metabolism at present best understood rests in the 
adrenals. This function of the adrenal cortex was 
educed in R. F. Loeb’s studies on patients with 
Addison's disease**. It was demonstrated that the 
low serum sodium chloride values in patients with 
adrenal insufficiency are associated with continued 
urinary losses and are accompanied by low potassium 
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excretion and increased serum potassium values. 
These changes are prevented by the normal secretion 
of the adrenal cortex involving steroids such as 
deoxycorticosterone, cortisone and aldosterone. How- 
ever, these hormones not merely influence sodium 
chloride and potassium salt metabolism but also play 
an important part in the regulation of protein meta- 
polism (increased urea excretion in hyperadrenalism), 
carbohydrate metabolism (diabetes in adrenal hyper- 
function ; hypoglycemia in adrenal insufficiency), 
blood pressure (hypertension in adrenal hyperfunc- 
tion ; low blood pressure in adrenal insufficiency), fat 
metabolism (changes in fat distribution in adrenal 
hyperfunction), pigment metabolism (discoloration 
in adrenal insufficiency). If, then, certain body 
functions are directly influenced by the adrenal 
cortical hormones, one might ask whether the intake 
of sodium chloride affects them because of its intimate 
relationship with adrenal function. 

Abundant proof has been given that the dele: erious 
effects of adrenal insufficiency can be at least partially 
counteracted by the administration of salt. This is 
true both for humans suffering from Addison’s 
disease*? and adrenalectomized animals**. On the 
other hand, salt intake is clinically undesirable in 
conditions in which the induction of hyperadrenalism 
is a disadvantage. As is known, the administration 
of either cortical hormones or salt may lead to similar 
symptoms in circulatory conditions, hypertension 
and the like. 

There exists by now a considerable body of 
evidence linking the functions of the cortical hor- 
mones to those of salt. Thus, hypertension produced 
by deoxycorticosterone is enhanced by simultaneous 
administration of sodium chloride**, The kidney 
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lesions*® and changes in food and water intake 
brought on by salt are potentiated by cortisone**. 
There exists, furthermore, a considerable similarity 
in the influence which the adrenal cortex or salt 
exerts on carbohydrate metabolism. Hyperadrenal- 
ism is accompanied by increased deposition of 


glycogen in the liver and a high blood sugar. On 
account of the simultaneously increased urea excre- 
tion, it was deduced that the increased glycogen 
formation is due to catabolic processes in protein 
metabolism*’, The administration of salt leads to 
similar changes, namely, increased deposition of 
glycogen, reduced oxidation of glucose leading to 
increased blood sugar and increased urea excretion*’. 
On the other hand, the reduced intestinal absorption 
of glucose in adrenalectomized animals can be equally 
corrected by salt or by adrenal hormones*® *°, Unless 
one assumes that this latter finding is only due to 
improved intestinal blood supply, a more specific 
salt effect becomes probable, which leads to the con- 
clusion that the effects of salt and of adrenal hormones 
on carbohydrate metabolism are perhaps interrelated 
and that the mechanism of this effect is the stimu- 
lation of the cortex by salt. The restoration 
of carbohydrate metabolism in adrenalectomized 
animals may perhaps be due to the stimulation by 
salt of tissues which are functionally related to the 
adrenals. Additional material in support of such a 
theory will be given below. 

Thus, the conclusion is unavoidable that cortical 
hormones and salt enhance each other’s actions. But 
the question must be asked whether this relationship 
is important when salt is added to the diet, because 
one might argue that excess salt leads to a com- 
pensatory decrease in adrenal secretion of some of 
the hormones. This latter seems improbable because 
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it has been shown experimentally that increased salt 
intake is followed by adrenal enlargement suggestive 
of adrenal hyperfunction®. Clinically, high salt intake 
is probably related to hypertension"!, again a sign of 
high cortical hormone secretion. 

Such a concept is supported by the effect of sodium 
chloride in a number of conditions which have in 
common: loss of sodium chloride by way of one of 
the body fluids, a drop in serum sodium chloride, 
and a favourable response to the administration of 
salt. In addition to Addison’s disease, one should 
mention here heat exhaustion, various uremic con- 
ditions with cr without histological signs of kidney 
disease, and high intestinal] obstruction. It is usually 
believed that the benefit resulting from the intake of 
sodium chloride in these conditions is owing to the 
replacement of sodium chloride which has been 
lost. A more careful analysis indicates a different 
mechanism. 

In profuse sweating, the sodium content of the 
sweat and urine is rapidly reduced to such an extent 
that the total salt loss was, within five to eight hours, 
less than that occurring in the same period without 
profuse sweating**.** ; a correlation between the salt 
content of sweat and adrenal activity has been fairly 
well established****. The fact that various uremic 
conditions respond favourably to salt administration 
has been well known for at least thirty years**’. 
These studies are related to observations on ‘salt 
wasting nephritis’. No balance studies indicate 
whether these patients actually had a negative salt 
balance. We were able to carry out such a study on 
one patient with a rapidly progressing uremia, 
profuse vomiting, and a drop in serum sodium 
chloride. This patient consumed only a little bread 
and milk and yet had a positive sodium and chloride 
balance**. Similarly, it is known that the amounts 
of sodium chloride necessary for improving the 
condition of animals vomiting because of intestinal 
obstruction are much higher than the amounts 
actually lost. 

The improvement produced by salt in the above 
conditions cannot be due merely to the replacement 
of salt losses but must be rooted partly in some 
pharmacological effect of the substance. The thera- 
peutic effect becomes understandable if one assumes 
that the pharmacological effect of salt is that of 
adrenal stimulation, which results in the improvement 
of the existing ‘stress’ condition. This theory would 
be more acceptable if it could be demonstrated that 
there is some reason for the assumption that a similar 
mechanism is partly responsible for the salt action 
in Addison’s disease and in adrenalectomized animals. 
In human adrenal insufficiency, the amount of salt 
required to produce optimal clinical improvement is 
high, perhaps 50-100 times what might be considered 
‘normal’ minimum requirements. Whether these 
high requirements are only due to the high renal 
losses or whether they are also needed for their 
adrenal-stimulating effect has not as yet been studied. 
If the effect were only due to the replacement of 
losses, one should suspect that the amount just 
sufficient to bring about eq. ilibrium of the salt 
balance should allow optimal clinical improvement. 
Whether the high doses are necessary to give equi- 
librium of the salt balance or whether this could be 
achieved with much smaller amounts has not as yet 
been studied. Some very sketchy information 
obtained on adrenalectomized rats indicated that the 
salt requirements for maximal improvement are much 
higher than those necessary to bring about equi- 
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librium of the balance. This point, however, needs 
more attention in the future. 

Finally, if one asks whether a similar mechanism 
may also be responsible for the action of salt in 
adrenalectomized animals, some pertinent duta can 
be uncovered in the literature. As mentioned before, 
the intestinal absorption of carbohydrate is restored 
by salt or adrenal hormones‘. Similarly, fat resorp- 
tion is improved**. Salt or cortical hormones keep 
hemoglobin formation at normal levels**, keep 
adrenalectomized rats fertile’*, and prevent cyto- 
logical changes in the pituitary of adrenalectomized 
animals*!, Inasmuch as salt has scarcely a hormonal 
effect per se, its action may well be mediated by 
stimulation of tissues capable of partly replacing the 
adrenals. 

The stimulating effect of salt probably sets in 
motion adaptive mechanisms involving enlargement 
of the liver, kidneys and adrenals; this has been 
found in experimental animals®. Similar conditions 
have been thoroughly discussed in many other ‘stress’ 
conditions®***5, 

The possible changes, especially perhaps in the 
emotional sphere, brought on by the stimulating 
action of salt are, of course, entirely a matter of 
speculation. The greater responsiveness of people, if 
they were so stimulated, could have helped through- 
out the ages in the accumulation of knowledge. 
Whether this is one of the roots of the reverence 
which was accorded salt by the ancients can scarcely 
be guessed at this time. 

It would be of inestimable value if we could be 
sure how long ago the majority of mankind learned 
to eat salt. It has been assumed that this took place 
when peoples went through their neolithic stages, 
which were accompanied by the introduction of 
agriculture and which took place for the more com- 
plicated civilizations about five to ten thousand years 
ago. The evidence for the simultaneous introduction 
of agriculture and salt eating is scant. The first 
known signs of salt mining were found in the Austrian 
Tyrol and date back to the late Bronze Age for that 
part of the world, about 1000 B.c. However, it is 
obvious that all the more complicated older cultures 
(Egyptian, Babylonian, Chinese) antedating that 
period knew the use of salt. One clue as to when 
tribes became used to salt is that Sanskrit and its 
daughter languages have no common root for salt 
and that therefore the Indo-Europeans, when first 
migrating, did not then know its use’. For these 
reasons, we are still inclined to believe that salt was 
gradually more extensively used when the tribes 
went through their neolithic stage. 

Is there any reason to assume that the constant 
use of salt as a stimulant has changed our intellectual 
capacity ? If our previous speculations are correct, 
one must assume that man in the Upper Palzolithic 
Period (ten to thirty-five thousand years ago) did 
not salt his food; yet, Cro-Magnon Man created 
magnificent art. Intellectually, therefore, he was our 
equal. He differed from us only in his lack of 
knowledge. Thus, although salt-eating did not 
change man intellectually but may have facilitated 
learning, it possibly was an important historical 
force. 

Are there, finally, any reasons why the physician 
and public health worker should recommend a 
certain level of salt intake on the basis of present- 
day scientific knowledge ? There is no question that 
there is a sound basis for the prescribing of low-salt 
diets in many diseases, particularly those involving 
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the circulatory system. When it comes to normal 
people, however, recommendations are infinitely ; 
difficult. 
the body does not require the addition of salt to our 
food. The physician, however, is not primarily 
interested in the mere metabolic processes but in the 
general welfare of his patients, and he should con. 
sider that the‘quickened pace of a more complicated 
society demands persons with a heightened respon. 
siveness. Salt may be one of the ingredients producing 
this effect. 
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PERSONNEL MANAGEMENT 


HE struggle for productivity in industry can 

never be won. Each success leads to a lifting of 
the sights and a new target is revealed. In each 
succeeding situation differing relations between 
various groups of employees—and particularly be- 
tween Management and men—are developed and, 
unless handled with wisdom and care, lead to clashes 
in which productivity becomes either static or 
declines. The importance of good human relations is 
now recognized to be essential if British industry is 
to develop, and it is not surprising that the Institute 
of Personnel Management continues to grow in 
prestige and authority. 

This was reflected in its annual conference which, 
at Harrogate during October 12-14, attracted almost 
a thousand people representing all levels of manage- 
ment from industry and commerce, government 
departments, the armed services and various agencies 
at home and overseas. 

The theme of the Conference was full employment 
and industrial change and, in the opening address, 
Dr. Alfred Torrie discussed the limitations of the 
contribution which social science could make to 
management. Quoting from experience in the services 
and elsewhere, Dr. Torrie showed how even senior 
members of government—as well as many others 
are resistant to change and unwilling to try anything 
new which might involve the emotions. Social 
scientists, too, find it difficult to get their ideas 
accepted ; they are apt to be remote and impersonal, 
to be objective about human emotions. The social 
scientist is keen on studying the group and making 
the group @ more important factor than the individual. 
But the lesson of history is that the most significant 
advances in the fields of science and invention came 
as a result of the lonely searching of individuals. 
The social scientist is so anxious to find out what 
adjustments can be made to the norm that he forgets 
that it is the individual, the unusual, the innovator, 
the inventor that is the carrier of new ideas. The 
social scientist wishes to measure and control and 
treat people statistically ; but tough-minded people, 
the tough-minded individuals, resist such treatment. 

The third limitation of social science is that it does 
not account for the whole of the human being. There 
are far too many variables present. One variable, 
which is an external one, is that theories may be 
formed, research may be done, a theory may be 
validated and its application to industry proved ; but 
unless some sort of social action occurs, it becomes 
sterile and void. ‘The social scientist is limited in 
believing in a man-centred world. Spiritual man may 
be dismissed ; but the spiritual factor is always there, 
sustaining and inspiring and motivating man’s 
behaviour, giving meaning and purpose to life. 
Social scientists contest all false judgments ; but love, 
humility, honour, loyalty, justice and mercy, and the 
ways by which men respond to each other in a social 
situation cannot be measured. 

All great people are unstable, and so they have to 
be. They are maladjusted to the norm and they are 
unstable because of the strength of the inspiration, 
the strength of the ideas within them that they are 
striving to express, to which they are striving to 
give.birth. If the social selection sieve gets finer and 
finer, innovators are going to be thrown out and 
society will be deprived of new ideas in the future. 





Social science is necessary for understanding, but 
so is spiritual awareness. 

How to integrate social with technological change 
was examined by Lord Halsbury in a most brilliant 
and penetrating address. He made it abundantly 
clear, for example, that advancing technology has 
nothing to do with employment or unemployment ; 
the latter is an economic phenomenon and is con- 
trolled by economic policy. Over the past fifty years 
productivity has been rising at about 14 per cent per 
annum, and, since the war, that rise has increased to 
3 per cent per annum. Full employment in 1956 is 
due not only to advances in technology but also, in 
a post-Keynesian era, to a high investment rate. 

There was also a change in the pattern of skill 
between 1900 and 1956. Skill is subject to two 
processes operating in reverse directions. Skill is 
always being degraded into semi-skill ; semi-skill is 
always being degraded into unskill ; and, at the same 
time, unskill is always being upgraded into semi- 
skill, and semi-skill to new skills. These can be 
written as two processes operating in reverse direc- 
tions, and from society’s point of view, is the overall 
direction of the balance, by way of change, and, 
from the individual’s point of view, how it affects 
him on the short-term view. 

In addition to these transformations of skills, 
which are continually under way, there is a dis- 
appearance of old trades rather than old skills, and 
an appearance of new trades rather than new skills, 
and the overall effect, if treated statistically, is an 
overall increase in skill in the community at the 
highly skilled end, and the demand for a higher 
standard of education among the so-called unskilled 
at the other end of the range. It is a great pity 
that there is no flow diagram of the human career 
in better statistical form than is available to us at 
the present time. 

What are the events when a man is displaced by a 
machine ? If the craft is a dying craft, it generally 
turns out that it is represented by an ageing popula- 
tion. The dying population and the dying craft emerge 
hand in hand, and as the trade dies, so the recruitment 
of youths for apprenticeship to it begins to fall off, 
and there seems to be no great difficulty in matching 
the one process to the other. Cy 

When men are displaced by machines the problem 
is to minimize the stresses arising out of the various 
strains, and this leads to the need for retraining the 
industrially displaced person. The issue here is not 
how successful the result will be, but how just the 
attempt will be. It seems just, if a man is dis- 
placed by other men—and these include the whole 
complex of managers, engineers, drawing office 
engineers and scientists and so on who are responsible 
for initiating changes in factories—that the man dis- 
placed should be the first to be allowed to work 
the new process, or for him to be restored to full 
earning power by being retrained. The cost of 
retraining should be borne by the parties responsible 
for the displacement as part of the true cost of the 
new installation. 

In the closing address, the Minister of Labour, 
Mr. Iain Macleod, suggested that if thinking and 
planning for change are to be effective and if 
change is to be accepted without great social dis- 
turbances, certain assumptions are necessary. First, 
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that our technologists will be able to continue to 
devise machines at the present rate of development, 
and perhaps, at an accelerated rate; secondly, that 
the capital will be available and that the machine 
tool industry will be capable of producing them ; 
that the people of the world will be able to produce 
and to exchange the raw materials required for these 
machines, and by these machines. Thirdly, that 
there is going to be a demand for the products of 
these machines, and that the spending power to 
acquire thom will be available. Fourthly, that good 
relations between workers and management are 
achieved—relations of such harmony that vast 
industrial disturbances become entirely old-fashioned. 
Lastly, that the benefits of this new age will spread 
throughout the world. 

First, however, man must adapt his industrial 
customs and his outlook to what many people call 
the new machine age. Secondly, the use to which 
man will put the rewards of these technological 
changes must be ‘considered. 

The problem of the redeployment of the labour 
force is the widespread conviction that, unless 
something is done, the social and the economic cost 
of industrial change is going to fall upon the 
individual worker. 

What is needed is a new recognition of social 
responsibility in industry at the level of the individual 
firm and the application of that responsibility over a 
long period. The real responsibility for planning must 
lie at the level of the individual firm. Employers 
must now accept the moral responsibility for planning 
the employment of their work-people exactly in the 
same way as they accept the management respons- 
ibility for planning the building of their factories, 
the installation of machinery as well as development 
of their markets. 

This is not just a matter of paying monetary 
compensation ; it involves a much deeper change of 
attitudes, and of habits, which can only come about 
if everyone in industry is ready to face the full 
significance of technological change. 
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Industry can also make a contribution t. the 
problem of adapting society to technological change, 
and that is in the field of training. The main 
responsibility of training in industry is industry's 
itself. If industry paid more attention than it does 
to the establishment of effective schemes of training 
for new entrants, it would not only save mon y for 
itself but it would also make a most valuable cop. 
tribution to the flexibility and the increased mobility 
of the labour force that is so essential to the Lritish 
economy. 

For many years there has been a trend towards 
the breaking down of processes and, therefore, the 
training of workers on one operation only. here 
may be a reversal of that process, a tendency towards 
synthesis and a training of workers to understand 
any one in a whole chain of operations ; if this is go, 
it will make greater demands on the capacity of 
workers, and training for new kinds of work willl 
require &@ new approach. 

What about the rewards from_ technological 
change? The expectation is that the new era of 
production will make possible a higher standard of 
living. It should remove some of the drudgery and 
the physical exertion that is still existent in industry, 
It may be that it will bring more leisure, which in 
itself will bring a problem with it. If leisure is 
wrongly used it is bound to lead to boredom and to 
discontent which will sap and rot our civilization. 

Other features of the Conference were a series of 
one-day courses dealing with the training of oper. 
atives, industrial pension schemes, selection methods, 
and the part of work-study in retail staff management. 
There were also a number of sectional meetings 
where delegates were given opportunity to consider 
details of recent developments in the training of man- 
agers, to discuss the case for and against the payment 
by results, to examine new suggestions which could be 
used as bases for pay differentials, to explore com- 
munications within the work force, and to learn of 
recent developments in the mechanization of office 
work. T. H. Hawkiys 
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PHYSICAL CHEMISTRY OF PROCESSES AT HIGH PRESSURES 


TWO-DAY discussion meeting of the Faraday 

Society on the general theme of “The Physical 
Chemistry of Processes at High Pressures’’ was held 
in the Chemistry Department of the University of 
Glasgow during September 20-21. Some 162 British 
and 58 overseas scientists attended the meeting, and 
a lively and well-sustained discussion resulted. Many 
of those present had the opportunity of enjoying a 
display of Scottish dances and Scottish songs, through 
the kind hospitality of Imperial Chemical Industries, 
Ltd. 

This was the first Faraday discussion with this gen- 
eral theme ; it is evident that for condensed states of 
matter, the pressure variable has been much less fully 
explored than the temperature variable. However, 
high-pressure techniques are becoming easier to 
develop and to apply, at any rate up to about 5,000 
atm. Increased accessibility of operations at high 
pressures has resulted in a broadening of the range 
of physico-chemical measurements becoming available 
for interpretation. For still higher static pressures, 
equipment is at present too specialized and costly to 


favour its widespread dissemination in many labora- 
tories ; but results important for the thermodynamics 
of condensed phases are being obtained in a few centres. 
The use of transient high pressures up to 10° atmo- 
spheres or more, as developed in shock and detonation 
waves in solids, was first applied to the measurement 
of thermodynamic parameters during the Second 
World War. Increased attention is being paid to the 
development of such techniques at the present time, 
though there are still serious difficulties of interpreta- 
tion, particularly in systems containing a mixture of 
solids. 

Industrial interest in high pressures has received 
obvious stimulus from the highly successful poly- 
merization of ethylene and the suggestive results in 
the polymerization of acetylene, and adds to the 
significance and timeliness of the recent discussion. 

The papers presented and the discussion make it 
clear that systematic theory has not wholly kept pace 
with present experimental developments, though 
some of the contributions at this meeting clarified 
important theoretical problems. The influence of 
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repulsive forces in practically all high-pressure 
phenomena is widespread. A useful survey by Dr. 
t, Cottrell (L.C.L., Ltd., Nobel Division) brought out 
the difticulties in finding high-pressure parameters 
that are at the same time simple to calculate theoretic- 
ally and experimentally sensitive to repulsive force- 
fields. Various contributors discussed the form and 
characteristics of repulsion potentials. For close 
molecular overlap a simple inverse power function of 
molecular separations fails to represent repulsions 
successfully ; an exponential function may be more 
hopeful, though a composite function with more than 
one adjustable parameter seems to be roquired if the 
range of repulsion potentials under discussion is at 
all large. ‘The anisotropy of repulsive force fields 
for non-spherical systems, and additional complica- 
tions where repulsions arise in a many-body problem, 
present other obstacles to theoretical progress. From 
the discussion it was evident that some of the difficul- 
ties are only just beginning to emerge clearly. One 
promise of theoretical advances stems from the much 
greater diversity of experimental phenomena, where 
measurements are becoming available from which 
repulsive force-fields might in principle be calculated. 
This was illustrated by many of the experimental 
contributions to this discussion, and permits a greater 
degree of selection in applying theoretical consider- 
ations. 

Another broad group of theoretical problems arises 
from the interpretation of the transport properties 
of dense gases; these are of very considerable practi- 
cal as well as theoretical interest. The outcome of 
many statistical-mechanical calculations which can 
be formulated with some mathematical rigour is 
much too complicated to be applied conveniently to 
experimental examples. For this reason the devising 
and testing of simpler models which permit some 
theoretical insight into transport processes in dense 
gases offers special opportunities for progress at the 
present time. In this direction, significant contribu- 
tions to the discussion by Prof. H. C. Longuet- 
Higgins and J. P. Valleau (Cambridge), and by Dr. E. 
Whalley (National Research Council, Ottawa) were 
discussed by @ number of contributors. 

A third type of theoretical culculation at high 
pressures refers to properties of compressed gases, 
the variation of which with pressure can be attributed 
to attractive forces. Measurement of such properties 
as a function of pressure, and particularly a combina- 
tion of several types of measurements, promises to 
give rewarding information about details of inter- 
molecular attractions which it would be difficult 
to obtain in any other way. For example, a contribu- 
tion by Dr. J. A. Pople and Dr. R. A. Buckingham 
(Cambridge) indicates useful properties the depend- 
ence of which on pressure, though not extensively 
studied hitherto, should yield new information about 
molecular force-fields. 

Though advances in techniques of working at high 
pressures were not specifically included in this discus- 
sion, the increasing range of phenomena which can 
now be studied conveniently was illustrated by experi- 
mental studies such as those on the effects of pressure 
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on the infra-red and electronic resonance spectra of. 


gases, by Dr. B. Vodar and his colleagues (Laboratoire 
de Haut Pressions, Bellevue). These promise to 
contribute novel features in our general knowledge 
of molecular force-fields. A. M. Benson and Prof. 
H. G. Drickamer (Illinois) made the interesting sug- 
gestion that the pressure coefficient of a vibrational 
frequency could be employed systematically to supple- 
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ment the actual numerical value of the frequency 
itself, in correlating spectral energy-levels with modes 
of vibration and thus with molecular structure. 

The meeting also considered various aspects of 
chemical reactivity at high pressures. It is usual to 
separate the induence of pressure on the structure of 
the solvent, from its influence on various activation 
complexes involved in specitic chemical reactions. 
From observed changes in the dielectric constant of 
methanol, discussed by Dr. 8. D. Hamann and W. 
Strauss (Sydney), there appears to be a striking 
influence of pressure on the structure of this solvent. 
Presumably this is connected with the open network 
structure of hydrogen bonds in liquid methanol. It 
would be interesting and important to know if such an 
influence of pressure on structure is observed generally 
in the case of hydrogen-bonded solvents. There was 
considerable discussion about the interesting changes 
in the properties of such solvents as they approach 
and traverse their critical points. For example, in 
water near and above its critical temperature, it 
may happen that some of the ‘anomalous’ properties 
associated with clusters of molecules of H,O with 
the tetrahedral ice arrangement are related in a 
sensitive way to the extension of such clusters in 
space. 

So far as the activation complexes are concerned, 
relatively simple concepts, as discussed by various 
contributors, at present suffice to account for much 
of the observed influence of pressure on the free energy 
of activation. The influence of pressure on reaction- 
rate is quite striking for certain fairly complex 
molecules, as in cases reported by Dr. S. D. Hamann 
and D. R. Teplitzky (Sydney), where a five-hundred- 
fold increase in rate accompanies the increase in 
pressure up to 15,000 atm. On the other hand, 
expectations that the steric hindrance in specific 
reaction mechanisms might be reduced or even 
eliminated as a result of bond deformation at high 
pressures proved not to be fulfilled, at any rate in the 
examples presented at this discussion by K. E. Weale 
(Imperial College, London). Other striking influences 
of increases of pressure arise in polymerization reac- 
tions. For example, in the polymerization of styrene, 
rates of propagation and of chain termination have 
been shown to depend in a marked way on the degree 
of compression of the solvent. In consequence the 
mean molecular weight is affected by pressure. Rather 
less seems to be known at present about how far 
chain-branching for a given size of macro-molecule is 
affected by the pressure at which it has been formed. 
In the polymerization of ethylene discussed by 
various contributors, the reaction-rate likewise 
depends in a complex way on the pressure, owing 
to the various ways in which nearest neighbours 
influence chain-reactions as molecular packing be- 
comes closer. 

A group of investigations on physicochemical pro- 
cesses in detonation and shock waves was presented 
for discussion by various contributors. The systems 
studied differed widely in complexity. It seems clear 
that in heterogeneous polycrystalline mixtures, a 
complex diversity of phenomena can occur which is 
by no means fully elucidated. This applies, for 
example, to studies reported by Dr. L. Deffet and 
Boucart (Tie National, Brussels), by Dempster, and 
by Dr. W. Taylor (I.C.I., Ltd., Nobel Division). The 
mixtures of explosive substances they described can 
only be termed ‘solid’ by convention; phenomena 
such as grain erosion in the detonation reaction-zone 
are of dominant importance and depend on the 
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intererystalline free space in a complex way. Much 
stimulating discussion was held about the physical 
chemistry of the reaction zone in detonations. ‘The 
importance of the intererystalline free space is further 
emphasized by a contribution which described the 
behaviour of single crystals studied individually. 
High initial pressures are found to have only a slight 
effect on the ‘runaway temperature’ in the self-heating 
of single crystals of explosives. 

Experiments on the homogeneous detonation of 
acetylene should in principle be simpler to interpret 
than the behaviour of heterogeneous systems. 
However, the formation of solid products of detona- 
tion leads to complications when attempting theoreti- 
cal interpretations. It is not clear at what stage the 
‘carbon’ ultimately obtained from the detonation of 
acetvlene is actually formed; it seems unlikely, 
furthermore, that the crystal structure and heat 
content of such ‘carbon’ can be taken as the same as 
in ideal graphite. The kinetics of pyrolysis of 
acetylene in shock waves to give carbon offers furthe1 
information about reactions at transient high pres- 
sures, which present complications due to the forma- 
tion of solid products of variable physical structure 
and chemical composition. Extensions of such 


kinetic studies promise to cover ranges of high 
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pressure and high temperature not conveni ntly 
obtainable in other ways. ‘The possibility of obtaining 
conveniently kinetic results at several hun dred 
thousand atmospheres obviously attracts a number of 
research groups. However, as in other studics of 
transient phenomena, relaxation effects may co npli. 
cate any interpretation of the results on the basis of 
the ther modynamics of high pressures. Detonation 
and shock velocities can now be measured with very 
considerable precision. ‘The measurement of detona. 
tion and shock pressures still present technical 
difficulties, though they may become accessible from 
techniques such as X-ray shadowgraphy and measure. 
ments of mass flow. But in the case of detonations 
and shock waves there are very serious doubts about 
the applicability of ‘temperature’ at all as a signiticant 
modulus in describing the statistical distribution of 
various kinds of internal energy among the molecular 
and atomic species present. Active research in the 
physical chemistry of matter at high pressures receives 
still further stimulus from the possibility of observing 
transitions from insulator to conductor behaviour of 
various crystals when sufticiently compressed. Pre. 
liminary studies of this kind were described at the 
meeting and added further zest to a very lively two. 
day discussion. A. R. UBBELOHDE 
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Prof. J. C. Cruickshank 


JOHN CECIL CRUICKSHANK, professor of bacterio- 
logy as applied to hygiene in the University of 
London at the London School of Hygiene and 
Tropical Medicine, died on October 30 at the age of 
fifty-seven. Educated at George Watson’s College in 
Edinburgh, he served in the Gordon Highlanders at 
the end of the First World War, and then proceeded 
to the University of Edinburgh, whence he graduated 
M.B., Ch.B. in 1921. He took the D.T.M. at Liverpool 
in 1923, winning the Alan H. Milne Memorial Medal, 
and then served in the West African Medical Service 
in the Gambia for seven years, gaining tropical 
experience which was of great value to him and to 
his students later in London. 

Cruickshank came to the London School of Hygiene 
and Tropical Medicine to take the diploma in 
bacteriology in 1933, and remained there first as 
demonstrator, then as lecturer in bacteriology. During 
the Second World War he directed Emergency Public 
Health Laboratory Services laboratories, first at 
Horsham, later at Exeter, returning to the School in 
1945 as reader in bacteriology as applied to hygiene, 
to re-open the Department under the part-time 
direction of Prof. G. 8. Wilson, and to start teaching 
courses again. Cruickshank was a great teacher, 
whose wide experience of tropical and public health 
bacteriology fitted him uniquely well to teach in 
courses for the diploma in bacteriology, the diploma 
in public health and the diploma in tropical medicine 
and hygiene. Many hundreds of students will re- 
member his excellent teaching with gratitude. In 
1947 he became professor in bacteriology as applied 
to hygiene. 

Throughout the past twenty-five years, Cruick- 
shank had maintained a steady output of research 
on bacteriological topics, chiefly on brucella infections 
and on immunity. He acted for some years as expert 


adviser to the Public Health Laboratory Service on 
clostridia and on brucella. He served on the Water 
Pollution Research Board of the Department of 
Scientific and Industrial Research and its Detergents 
Committee, and on various other public committees 
and bodies. He was a member of the Pathological 
Society, the Society of General Microbiology, and the 
Medical Research Club. In 1952 he gained his M.D. 
(Edinburgh) with a gold medal. He was loved and 
respected by all his colleagues and students and all 
others who knew him; his early death is a great 
blow to the School. He leaves a widow, two sons and 
a daughter. E. T. C. SPOONER 


Dr. Join McLuckie 


Dr. Joun McLuckte, until recently reader in 
botany in the University of Sydney, died on Septem- 
ber 27 at the age of sixty-six. He was still in harness, 
for he was asked to come back after his official 
retirement to take the advanced mycology course. 
He had given a lecture and a practical class on the 
day of his death. 

McLuckie was born in Killermont, in Dunbarton- 
shire, on August 12, 1899. He was the eldest of a 
family of seven. His father was a gamekeeper, and 
as a boy John McLuckie learnt to handle a fishing 
rod and a gun—skills which he practised with great 
distinction during his forty years in Australia. From 
these early days he acquired, too, an intimate know- 
ledge of natural history and a love for the countryside. 

He won a bursary to the school which is now 
Bearsden Academy and proceeded in 1909 to the 
University of Glasgow, where he was a pupil of 
F, O. Bower. After graduation in 1914, MeLuckie 
sailed for Australia to serve under Prof. A. A. Lawson 
(also one of Bower’s pupils) in the newly established 
Botany Department in the University of Sydney. 
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He devoted his whole career to this Department. 
His early work was a series of studies in mycorrhiza 
and parasitism, published in the Proceedings of the 
Linnean Society of New South Wales. Then he turned 
to ecology ; his primary surveys of the Kosciusko 
and Mount Wilson districts are still standard works, 
and show how well McLuckie had mastered (with the 
aid only of an out-of-date handbook of the flora) 
the perplexities of Australian vegetation. But it is 
as a teacher that he will be remembered. For forty 
vears medical students, pharmacists, scientists and 
agriculturists passed through his classes. Some of 
them arrived under the impression that botany was 
a ‘soft option’, but none who survived McLuckie’s 
practical classes preserved that illusion. He took 
immense pains to ensure that students were given 
good plant material for their practical work (it was 
not unusual for first-year students to see fertilization 
in living Hormosira); and having provided good 
material, he took immense pains to ensure that 
students observed thoroughly and drew accurately. 


NEWS an 


Nobel Prize in Physics for 1956: Dr. W. Shockley, 
Prof. J. Bardeen and Dr. W. H. Brattain 


Tue Nobel Prize in Physics for 1956 has been 
awarded, jointly, to Dr. W. Shockley, Prof. J. 
Bardeen and Dr. W. H. Brattain for their work on 
semiconductors. During the years they worked 
together at the Bell Telephone Laboratories they 
removed many of the obscurities and much of the 
empiricism from semiconductors and founded the 
subject of transistors. 
Bardeen and Brattain discovered transistor action 
when they placed two metallic whisker tips on the 
surface of one small piece of germanium and found 
that the current passed by one metal-semiconductor 
contact greatly influenced the properties of the other, 
if the separation was less than about 0-02 cm. Both 
current and power gains were demonstrated in this, 
the first solid-state amplifier (now called a point- 
contact transistor). The existing, one-carrier, theories 
of conduction postulated that the majority of mobile 
charge-earriers in extrinsic semiconductors were 
either negative electrons in the conduction band 
n-type conductivity) or vacancies (holes) in the 
valence band behaving as positive charges (p-type 
conductivity). Because transistor action could not 
be explained in terms of majority carriers only, 
Bardeen and Brattain proposed that minority carriers 
—injected at the first contact, transmitted through 
the semiconductor in the presence of the majority 
carriers without much probability of mutual (hole- 
electron) annihilation and collected at the second 
contact—were responsible. 
Shockley saw that metal contacts were not essential 
to the action, and in 1949 he analysed the properties 
of p—n junctions within one piece of a semiconductor 
and predicted the behaviour of transistors having 
n—p-n and p-n—-p structures. He very quickly 
obtained full experimental confirmation. A theory 
of the recombination of electrons and holes was 
| proposed and direct measurements made of many 

properties of minority carriers. Later he proposed 
; and, analysed another structure—the unipolar tran- 
} sistor—which, though using p—n junctions, is 
» dependent for power gain on majority carriers only ; 
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He was exacting in his demands and he had no 
patience with a student who did not take botany 
seriously ; but the student who did take botany 
seriously found in McLuckie an enthusiast who 
delighted in plants and for whom no trouble was too 
much. He conveyed to his colleagues an impression 
of deep loyalty to his subject. On field trips he was 
at his best, and his students will long remember him 
striding ahead, under the scorching Australian sun, 
to show them some rare plant or some characteristic 
patch of vegetation ; and then standing by, lighting 
his pipe and smilingly awaiting their comment. 

Through many changes of staff, and during dis- 
locations caused by the War, the Botany Department 
depended for its stability and cohesion on McLuckie. 
On at least five occasions he modestly undertook the 
duties of acting professor. He was a dedicated 
teacher, and his massive ‘‘Australian and New Zea- 
land Botany”, published jointly with H. S. McKee 
in 1954, is a fitting memorial to his career. 

Eric ASHBY 
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again, experiments quantitatively confirmed his 
predictions. Bardeen and Brattain had meanwhile 
returned to studies of surfaces of semiconductors ; by 
careful measurements they added to the understand- 
ing of the properties of very thin adsorbed layers in 
the presence of electric fields. Dr. Shockley is now 
with Beckman Instruments and Prof. Bardeen is at 
the University of Illinois. 


Control Mechanisms and Electronics at the National 
Physical Laboratory : Dr. A. M. Uttley 


THE appointment is announced of Dr. A. M. 
Uttley as superintendent of the Control Mechanisms 
and Electronics Division of the National Physical 
Laboratory, Teddington, in succession to Mr. R. H. 
Tizard, who has taken up a post at the London 
School of Economics. ‘The Control Mechanisms 
and Electronics Division was formed in 1954 to 
study the automatic control of experimental, in- 
dustrial and administrative operations and the 
development of techniques and equipment for data 
processing and computation. Dr. Uttley graduated 
at King’s College, London, in mathematics and 
psychology. After some teaching experience he 
joined, in 1940, the Telecommunications Research 
Establishment (now known as the Radar Research 
Sstablishment), Malvern, Ministry of Supply, where 
he remained until his present appointment. During 
the War he was responsible for the design of many 
of the synthetic trainers used to great effect in the 
training of operational crews. While thus engaged, 
Dr. Uttley developed a keen interest in electronic 
and in electro-mechanical control systems, developing 
the split-field type of motor for use in such 
applications. One of the developments was the 
now well-known servo-motor known as the ‘Velodyne’. 
Dr. Uttley’s immediate interest after the War was in 
the automatic guiding of astronomical telescopes, 
and he acted as adviser on electronics for the Sir 
Isaac Newton telescope. Later, he turned his atten- 
tion to problems of digital computation and was 
largely responsible for the functional design of 
TREAC, an electronic digital computer in use in 
the Physics Department at the Radar Research 
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Establishment. More recently he has been investi- 
gating problems of control involving a human 
operator, and of visual pattern recognition. He has 
examined also problems of muscle control and has 
studied principles and design of systems which ‘learn 
from experience’, with a view to their application to 
process control. It is anticipated that Dr. Uttley 
will take up his appointment early in the new year. 


Commonwealth Mycological Institute : 
Dr. S. P. Wiltshire 
Dr. S. P. Witrsuire, who has recently retired 
from his post as director of the Commonwealth 
Mycological Institute, entered as mycologist and 
assistant to the director (Sir Edwin Butler) in 1922. 
In 1933 he was appointed assistant director and 
editor, and director and editor in 1940. His quiet 
and self-effacing manner tends to hide a tenacity 
of purpose which has been invaluable to the 
Institute and of great worth to mycology in general. 
Thus he contrived the regular appearance of the 
Review of Applied Mycology, the initiation of a series 
of mycological papers and monographs, a series of 
distribution maps of plant diseases and a Review of 
Medical and Veterinary Mycology during what has 
been probably the most difficult period for pub- 
lication ever known. In addition, he planned and 
supervised the general organization of the excellent 

new building which was opened last year. 


Dr. J. C. F. Hopkins 


Dr. J. C. F. Hopxrys, who succeeds Dr. Wiltshire, 
is known mainly for his work on the diseases of 
tropical plants, first in Uganda, and then as chief 
botanist and plant pathologist to Southern Rhodesia. 
He recently published a book on ‘“Tobacco Diseases’’. 
On his retirement from overseas in 1953 he was 
appointed assistant editor at the Institute. As so 
much of the work there is concerned with the diseases 
of crop plants of tropical regions, Dr. Hopkins’s 
previous practical experience will stand him, and the 
Institute, in good stead. 


E. F. F. Chladni (1756-1827) 


A CREAT pionecr in the science of acoustics, Ernst 
Florens Friedrich Chladni was born of Bohemian 
parents at Wittenberg two hundred years ago on 
November 30, 1756. He graduated Dr. Jur. at 
Leipzig in 1782; but on the death of his father 
abandoned law for natural science, being particularly 
interested in sound and in music and being inspired 
by the work of Leonhard Euler and of Daniel Ber- 
noulli. He studied the torsional vibrations of a 
pendulum and the longitudinal vibrations of strings 
and rods, and applied the latter to the determination 
of the velocity of sound in solids. He also measured 
the velocity of sound in media other than air by 
filling an organ pipe with the medium and taking the 
pitch of the note produced. Using brass plates 
clamped at the centre and excited by bowing at one 
end, and sprinkling sand on the vibrating plates, he 
obtained ‘Chladni’s figures’, which he exhibited to 
the French Institute in 1809. Napoleon was so 
impressed by this demonstration that he gave Chladui 
6,000 francs to enable him to have his book, “Die 
Akustik” (Leipzig, 1802), translated into French. 
Chladni never held an officixl position, and he earned 
his living by travelling in Germany, France, Italy, 
Holland, Denmark and Russia, where he delivered 
scientific lectures and gave recitals on an instrument 
which he had designed and constructed and which he 
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called a euphonium. He wrote numerous papers and 
treatises, including several on meteorites. He died 
at Breslau on April 3, 1827, leaving his money to 
the poor of his native town and his meteorites to 
the royal collection at Berlin. 


New Research Laboratories of Thorium, Ltd. 


Mr. G. H. BEEBY, chairman of Imperial Cheinica] 
Industries, Ltd. (Salt Division), and also of Thorium, 
Ltd., opened the expanded Research Laboratories of 
Thorium, Ltd., at Ilford on November 14. Thorium, 
Ltd., specializes in the production of thorium and 
lanthanon chemicals and in the manufacture of 
polishing powders for glass and metal. Thorium 
metal is used mainly in special alloys for aircraft 
construction. Thorium oxide is used in some types 
of optical glass, as a refractory and in making incan. 
descent mantles for pressure lanterns, etc. As 
thorium is a fertile element several times more 
abundant than natural uranium, it has a potential 
application in atomic. energy production. The 
lanthanons are difficult to separate, so most of the 
commercially used materials are therefore mixtures 
freed from non-lanthanon impurities. The most 
widely used mixture contains about 50 per cent 
cerium and is called ‘technical cerium’. This is used 
for making lighter flints, in the metallurgical field 
for improving the quality of many ferrous alloys, 
and in making special alloys and for improving the 
luminosity of carbon arc lamps. It also has uses in 
the chemical and paint industries and is an important 
component of the glasses used in welder’s goggles. 
Cerium oxide is an excellent polishing material for 
glass and metal; materials containing 50—95 per 
cent cerium are used to make the polishing powder 
sold as ‘Cerirouge’. ‘Didymium’ oxide, a mixture of 
praseodymium and neodymium oxides, is used to 
produce colours in glass, and pure neodymium oxide 
is used to give a spectacular red-blue colour to 
certain decorative glassware. Lanthanum oxide is 
also used in glass-making to produce special optical 
glasses. Samarium is used in making phosphors for 
fluorescent lamps. The research department of 
Thorium, Ltd., has a staff of about twenty, the 
research manager being Mr. R. J. Callow. Research 
is conducted mainly into methods of purifying and 
separating the materials produced by the firm, inte 
methods for process control and into the properties 
of polishing powders. The new laboratories have a 
floor area of about 7,500 sq. ft., divided into five 
main laboratories of varying sizes, a pilot-plant 
room and ancillary space such as library, dark room, 
etc. At the opening ceremony, a number of items of 
work were shown. 


New Training Schoo! for Apprentices 


A NEW craft training school for apprentices 
employed by British Oxygen Engineering, Ltd., was 
opened at Angel Road, Edmonton, on November 15, 
by Mr. Robert Carr, Parliamentary Secretary to the 
Ministry of Labour. Since 1951, when the Company’s 
new apprenticeship schemes were first put into 
operation, it was felt that there was a great need for a 
training school to be completely separate from the 
production workshops. It would provide apprentices 
embarking on a five-year course with the firm with a 
real knowledge and appreciation of basic engineering 
craft skills, and would enable them to assimilate more 
quickly the training they received in the production 
workshops and technical offices, so that they could 
carry out their jobs with maximum efficiency. The 
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schoo! will also be used for advanced craft training 
and also for third-year apprentices to ensure that 
experionce gained in the previous two years in the 
workshops is firmly established in the minds of the 
apprentices, that misconceptions can be rectified and 
new developments taught. ‘The school, which provides 
for forty-five to fifty students, comprises a muachine- 
shop, fitting sections and a lecture room, and the 
shops are laid out to enable a wide range of work 
in plant, industrial, medical and aircraft fields to be 
covered. 1t can also be used for intensive courses for 
the up-grading of fitters, machinists and inspectors, 
and also for the teaching of new techniques to staff in 
general. ‘Che Company works in close association with 
the West Ham College of Technology, South West 
Essex Technical College, Enfield Technical College, 
Harlow Technical College and the University of 
London in the provision of sandwich courses. 


No. 4543 


Electrical Energy 

TuE first issue of a new monthly electrical journal, 
Electrical Energy, appeared in September. This pub- 
lication is, in some respects, a companion journal to 
Electronic Engineering, as it is published by the same 
organization and has common editorship (London : 
Morgan Brothers (Publishers), Ltd. 3s.). It is stated 
in the foreword to the first issue that it is designed 
for the professional engineer engaged in research, 
development, design and manufacture. The articles 
in the first number cover a fairly wide range of 
subjects; one deals with the solution of electric 
field problems using a digital computer, another with 
modern methods of excitation control for large syn- 
chronous machines, and a third describes the prin- 
ciples of operation of the magnetic amplifier. The 
standard of these articles is pitched at a level which 
should satisfy a reader possessing a good scientific 
background. There are, in addition, short articles 
and notes dealing with items of current interest con- 
cerning industrial developments and new electrical 
equipment, and, finally, a group of book reviews. 
The journal is well produced and attractive. It is, 
perhaps, rather remarkable that there should have 
existed, to-day, a gap in the coverage of the general 
field of electrical engineering which a new journal 
could be designed to fill. There was, however, a need 
for a periodical which would deal with electrical 
power in all its aspects and would provide especially 
for more detailed theoretical treatments of tech- 
nological topics than are, nowadays, appropriate to 
the old-established weekly journals which serve the 
electrical industry so well. The declared policy of 
Electrical Energy and the quality of its early issues 
suggest that it will meet this need, and on that 
ground alone it should be heartily welcome. 


Physics in Medicine and Biology 

THE first issue of Physics in Medicine and Biology, 
a@ new quarterly journal in the same format as the 
Philosophical Magazine, is dated for July (edited by 
Prof. J. E. Roberts. London: Taylor and Francis, 
Ltd. £3 10s. a year). The journal, which is the 
official publication of the Hospital Physicists Associa- 
tion, is intended for papers on topics in the borderline 
fields between physics and the biological and medical 
sciences, which cannot easily be classified for existing 
periodicals. It will publi h original papers and review 
articles on studies of the physical properties of living 
matter, and on the applications of physics and 
physical techniques to problems in medicine, biology 
and physiology. In addition, it will publish instru- 
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ment notes, book reviews, letters to the Editor, and 
notes on work in progress. An important feature, 
which will take 20-25 per cent of the space in each 
issue, is the Abstracts Section under the editorship 
of W. A. Langmead. ‘These abstracts are taken from 
a very wide range of journals; in the first issue 130 
journals were abstracted. The subtitles of the 
Abstracts Section give a good indication of the scope 
of the whole journal: radiobiology, radiotherapy, 
radiodiagnosis, radioisotopes (biological and clinical 
aspects), radioisotopes (physical and clinical aspects), 
radiation dosimetry, physiology, general physics and 
instrumentation. The first issue contains a review of 
recent advances in electrophoretic separation methods, 
and papers on dos-meter calibrations, microspectro- 
photometry, a profile counter, and a-track auto- 
radiography. The instrumental note is concerned 
with the specifications of nucleonic instruments which 
have clinical applications. Although with such a very 
wide field only a limited number of papers will be 
of interest to any one worker, it seems probable that, 
if the high standard of the first issue is maintained, 
the journal will be well received by many of the 
growing number of workers interested in that field. 


Priestiey in the United States 


THE home of Joseph Priestley has been acquired 
and is being restored to its original appearance by 
the Borough of Northumberland, Pennsylvania, 
U.S.A. This house, started in 1795 and completed in 
1797, and owned for many years by the Priestley 
family, was purchased in 1920 by the Pennsylvania 
State University and presented this year (1956) to 
Northumberland. The home is of Georgian archi- 
tecture, is in fine condition, and occupies an acre of 
landscaped ground near the Susquehanna River. 
Under the direction of the Priestley Memorial 
Association, the widow’s walk, kitchen and laboratory 
are being restored to their original appearance and 
the rooms refurnished with American furniture of 
about 1800. The Association desires to gather all 
obtainable information on Priestley and on_ his 
American home. It would like to receive reprints of 
articles bearing on his work, and it welcomes corre- 
spondence with anyone interested in this matter ; 
visitors are welcome. Correspondents should write to 
Mr. Lewis K. Rich, 464 Front Street, Northumber- 
land, Pennsylvania. 

The Division of History of Chemistry of the 
American Chemical Society is co-operating with the 
Priestley Memorial Association in the restoration of 
Priestley’s laboratory. To this end a committee 
including Sidney Edelstein, Claude K. Deischer and 
Wyndham Miles (chairman) has been constituted. 
The committee wishes to locate apparatus of 
Priestley’s American period, with the view of 
acquiring them or having replicas made. It welcomes 
correspondence with anyone knowing the where- 
abouts of apparatus, and with scholars interested in 
this project ; correspondence should be addressed to 
Dr. Wyndham Miles, Edgewood, Maryland. 


Science and the Humanities 


Wuat is pothenology ? Sir Gavin de Beer tells us 
in his Rickman Godlee Lecture on “Science and the 
Humanities”, delivered on October 25 at University 
College, London (London: H. K. Lewis and Co., 
Ltd. 2s. 6d. net). Much harm is done, in his 
opinion, by ignoring the essential differences be- 
tween the collectors of Nature’s answers and the 
compilers of men’s thoughts. In a witty survey 
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of the background of these differences, he em- 
phasizes that ‘‘the only way to acquire a knowledge 
of scientific methods is in a laboratory, working 
with one’s hands . . . while the only way to grasp 
the meaning of the humanities is to study men’’. 
He deplores the capture of precocious potential 
scholarship winners and their premature cramming 
“like geese”. This has two harmful results. The 
first is the penalizing of the late developer. As he 
says: “The premium which we place on precovious- 
ness works directly against the processes which have 
made man what he is and may make him into Homo 
sapientior’. ‘The second is that general subjects are 
displaced from the boys’ or girls’ education, perhaps 
for ever. The effect of this, in his opinion, bears more 
heavily on science than on the humanities. Sir Gavin 
considers that one of the secrets of happiness in life 
is “the selection of the appropriate carrot to set 
before one’s nose and that of other people’. His 
particular carrot is ‘‘pothenology” ; and to illustrate 
what it really means he treats his readers to three of 
his own pothenological researches: Hannibal's route 
over the Alps, the origins of the Etruscans and the 
real cause of Gibbon’s death. But does he really 
believe that Newton and Darwin would not have 
*‘won scholarships on our existing system” ? That is 
@ most unpothenological statement to make. 


Institute of Seaweed Research 


Srnce the end of the War a new industry has been 
built up in Britain using more than forty thousand 
tons annually of a crop which, until recently, was 
looked upon as worthless. Whereas a few years ago 
there was only one very small alginate produstion 
unit in Scotland, there are now eight factories solely 
concerned with seaweed processing, which are served 
by an additional nine collecting and air-drying units. 
The current output of seaweed meal and alginates 
from these Scottish factories, together with the 
alginates and carragheenin produced in five further 
factories in England, has a sales value exceeding £1 
million per annum. Britain’s seaweed industry has 
now a larger output than that of any other country 
except Japan and the United States. This develop- 
ment has resulted from the combined efforts of 
scientists and industrialists, backed by the assistance 
freely given by government officials and by hundreds 
of interested individuals from all walks of life. A major 
contributory factor was the setting up in 1944 of the 
Scottish Seaweed Research Association “‘to determine 
whether the possibility existed of creating a stable 
Scottish seaweed industry which could compete with 
those of other countries and at the same time provide 
@ considerable part-time crofter industry in the 
Highlands and Islands”. The work of the Association 
during 1945-55, which was renamed the Institute of 
Seaweed Research in 1951, is described in a report 
which may be obtained from its Secretary at Inveresk, 
Midlothian, Scotland. 


Tobacco and Smoking 

In a well-documented article in Health Education 
(14, No. 3; September 1956), Dr. Horace Joules 
shows that in 1955, 11,900,000 men aged sixteen and 
more were smoking an average of 15-3 cigarettes a 
day in Great Britain; the average consumption of 
6,300,000 women smokers was 8-1 daily. Of these, 
65 per cent of men and 40 per cent of women more 
than sixteen are regular smokers; 87-3 per cent of 
male doctors more than thirty-five years old have 
similar habits. The present yearly death-rate from 
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cancer of the bronchus of 17,000 in England ang 
Wales is shown to be associated mainly with smoking 
especially cigarettes. This disease has caused 110,04) 
deaths in the past ten years, and reasons are given 
for suggesting that this is only the early stages of ay 
epidemic which will result in half a million deaths in 
the next twenty to thirty years. Preventive action 
by the medical profession and the Ministry of Health 
it is thought, might be rapidly helpful. The mor. 
tality and morbidity from bronchitis are greater jy 
Britain than in any other country where statistic 
are available. The part played by smoking in theg 
conditions is important. ‘The question is posed, 
Are there advantages from smoking which compen. 
sate for the known ill-effects on health ? The answer, 
according to Dr. Joules, must be an emphatic no, 


Isotopes Commercially available in North America 


“THE Isotope Index” published by the Scientific 
Equipment Corporation, Indianapolis 19, Indiana 
(U.S.A. and Canada, 2 dollars ; elsewhere, 2.50 dol. 
lars), is the first up-to-date (April 1, 1956) complete 
guide to the isotopes and isotope-labelled compounds 
available commercially and produced or sold by 
American or Canadian suppliers. Some two thousand 
items are listed from more than forty difterent 
suppliers. In general, the information given has been 
taken from the suppliers’ catalogues or price sheets, 
Kadivactive isotopes and labelled compounds of 
carbon-14, iodine-131, phosphorus-32 and sulphur-35 
are dealt with in the first section, with the isotopes 
arranged in alphabetical order by name of clement 
and then by atomic weight. ‘The half-Jife, principal 
radiation, the forms in which the isotope is available 
and the cost are quoted, together with a reference to 
the supplier. In the next section stable isotopes and 
the labelled compounds of carbon-13, hydrogen-2 and 
nitrogen-15 are listed, followed by information on 
available radioactive calibration standards, radio- 
graphic and therapeutic sourcos, and a complete list, 
with names and addresses, of the suppliers referred 
to in earlier sections. Finally, a brief section de- 
scribes the recently revised licence requirements of the 
Atomic Energy Commission in the United States. 


Endocrinology of Invertebrates 


In July 1955, immediately before the International 
Congress of Anatomy, an informal symposium on the 
endocrinology of invertebrates was held in Paris. 
This highly successful meeting was organized by 
Dr. L. Arvy and Dr. M. Gabe, of the Sorbonne, and 
by Dr. B. Scharrer, of the Albert Einstein College of 
Medicine in New York, and was attended by some 
three dozen workers in this field. The communica- 
tions have now been published (Ann. Sci. Nat., Zool., 
18 (fasc. 2), 125-337) ; and they form a most useful 
cross-section of the recent developments in this 
subject. The Swedish workers Ostlund and Fange 
(Lund) describe the isolation in a highly purified state 
of a chromatophorotropic principle from the eyestalk 
of the shrimp Pandalus. The Y organ of Crustucea 
discovered by Gabe has been shown by Echailier, 
another French worker, to control the moulting of 
decapod crustaceans. Karlson (Tiibingen) describes 
the extraction from the silkworm of the moulting 
hormone ‘ecdyson’. This has now been obtained in 
crystalline form and proves to be @ non-nitrogenous 
substance with a molecular weight of about 300. 
Another important contribution is that of Charniaux- 
Cotton (Paris), who has obtained clear evidence that 
an androgenic gland, quite separate from the gonad, 
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controls the primary and secondary male characters 
of the amphipod Orchestia gammarella. Other papers 
deal with the cytology of neurosecretory cells ih many 

oups of invertebrates, with moulting, metamorpho- 
sis, and changes of phase in insects, the possible role 
of hemocytes in insect growth, and the part played 
by humoral factors in the discharge of gametes in 
certain molluscs. 


No. 4543 


lboga 

THe stimulant properties of the iboga plant 
have long been known to various Central African 
peoples (S. Afr. J. Sci., 53, No. 1; August 1956). The 
pygmies chew iboga leaves and stalks before certuin 
trival ceremonies during which they must remain 
awake for several days when they are continually 
drumming on their tomtoms. Other tribes use the 
plant for initiation ceremonies when adolescent boys 
are left alone to roam the forest for five days, living 
solely on the iboga plant. Hunters of certain tribes 
also consume iboga before undertaking particularly 
long and dangerous treks through the forest. French 
chemists, who have been carrying out research on the 
plant over the past ten years, have now succeeded in 
extracting alkaloids from which they can manufacture 
a stimulant with very little toxic effect, 


The Science Masters’ Association : Annual Meeting 


THE annual meeting of the Science Masters’ 
Association is to be held during January 2-5 in the 
University of Cambridge, under the presidency of 
Sir Alexander Todd, professor of chemistry in the 
University, who will speak on “The Scientist— 
Supply and Demand”’, ‘There will be discussions on 
“Technical Education and the Schools”’, introduced by 
Dr. K. B. Hutton, of Hatfield School, on January 4 ; 
and on “The Recruitment and Training of Science 
Teachers”, with particular reference to secondary 
modern schools, introduced by Mr. W. H. Palmer, of 
Homerton College, Cambridge, and Mr. C. L. Brereton, 
warden of Bottisham Vill .ge Centre. Lectures to be 
given include “Science in the Universities and 
Schools”’ (Prof. N. F. Mott) ; ‘‘Diseases and Problems 
of Population” (Prof. A. L. Banks) ; ‘‘Some Recent 
Advances in the Chemistry of Fluorine’ (Prof. H. J. 
Emeléus); ‘Botanical Monkeys’ (Mr. E. J. H. 
Corner); ‘‘The Silicones’ (Dr. P. Sykes); ‘Radio 
Astronomy” (Mr. L. Ryle); ‘“‘Antarctica To-day” 
(Dr. G. C. L. Bertram); and “The Expanding 
Universe” (Dr. R. A. Lyttleton). Prof. J. F. Baker 


| and the staff of the Cambridge Faculty of Engineering 


will be responsible for an evening lecture. There will 
be the usual exhibitions by members and by instru- 
ment manufacturers and publishers, and receptions 
at the Guildhall and in King’s College. The Science 
and Religion Group of the Association will meet on 
January 5. The programme of the meeting can be 
obtained from the Annual Meeting Secretary of the 
Association, 93 Westbourne Road, West Hartlepool, 
Co. Durham. 


University of Sheffield 


THE following appointments have been made in the 
University of Sheffield: Dr. R. S. Tebble, senior 
lecturer in physics; Dr. J. F. Wallace, lecturer in 
mechanical engineering ; Dr. R. G. Ward, lecturer in 
metallurgy. Dr. W. J. P. Neish has been appointed 
to the James Morrison Research Feliowship, and 
M. F. Sheff to the John Stokes Research Fellowship. 
The following members of staff have resigned : 
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Dr. R. C. Cass, lecturer in chemistry ; A. R. Curtis, 
lecturer in applied mathematics and Dr. D. W. 
Wakeman, lecturer in metallurgy. 


The Night Sky in December 


NEw moon occurs on Dec. 2d. 08h. 12m., v.T., and 
full moon on Dec. 17d. 19h. 06m. The following 
conjunctions with the Moon take place: Dec. 11d. 
2uh., Mars 5° 8.; Dec. 24d. 12h., Jupiter 6° N.; 
Dec. 29d. 13h., Saturn 0-7° N.; Dec. 29d. 19h., 
Venus 0-2°S. In addition to these conjunctions with 
the Moon, Saturn is in conjunction with Antares on 
Dec. 21d. 17h., Saturn being 6-3° N., Venus with 
Antares on Dec. 26d. 10h., Venus 5-8° N., and Venus 
with Saturn on Dec. 26d. 2lh., Venus 0-5° S. There 
will be a partial eclipse of the Sun on Dec. 2, but at 
Greenwich only a small part of the Sun will be seen 
to be eclipsed at sunrise, the eclipse ending a few 
minutes after sunrise. Mercury is an evening star, 
but conditions for observation are not favourable. 
Venus is a morning star, rising at 4h. 45m., 5h. 25m. 
and 6h. 10m. on December I, 15 and 31, respectively, 
but it will be rather low for good observation from 
the British Isles. Mars is visible during the evenings, 
setting at lh. 00m., Oh. 50m. and Oh. 35m. on 
December 1, 15 and 31, respectively ; its stellar 
magnitude decreases during the month from —0-4 
to +0-3 and its distance increases from 73 to 97 
million miles. Mars is moving eastwards ir Pisces, 
being south of 8 Piscium at the end of the month. 
Jupiter rises at lh. 10m., Oh. 20m. and 23h. 25m. at 
the beginning, middle and end of the month, 
respectively, and is east of B Virginis; its stellar 
magnitude is —1-6, its distance in the middle of 
the month is about 510 million miles. Saturn is too 
close to the Sun for observation. Occultations of 
stars brighter than magnitude 6 are as follows, 
observations being made at Greenwich: Dec. 7d. 
19h. 21-3m., v Agr. (D); Dec. 10d. 20h. 14-3m., 
x Pse. (D); Dec. 20d. 21h. 29-0m., 60 Cne. (R); 
Dec. 21d. 3h. 29-7m., x Cne. (R). D and R refer to 
disappearance and reappearance, respectively. The 
Geminid meteors are active during December 9-13, 
with a maximum near the latter date, but conditions 
are not favourable for observation. Winter solstice 
occurs on Dec. 21d. 21h. 


Announcements 


Tue Ciba Foundation is offering not less than five 
awards, of an average value of £300 each, for papers 
on research relevant to basic problems of ageing. In 
making the awards, preference will be given to 
younger workers. The work submitted should not 
have been published before May 31, 1956, and the 
paper, which may be in the candidate’s own language, 
should not be more than seven thousand words in 
length, with a summary in English not exceeding 
3 per cent of the paper. Entries must be sent in not 
later than January 31, 1957, to the Ciba Foundation, 
41 Portland Place, London, W.1, from which appli- 
cation forms and further information can be obtained. 


In Nature of November 10, p. 1033, an announce- 
ment was made of the presentation of the Robert 
Roesler de Villiers Award to Dr. J. F. Loutit. This 
award was in fact given for research described briefly 
in an article in Nature of March 10, 1956, entitled 
“Cytological Identification of Radiation-Chimeras”’, 
by Dr. C. E. Ford, J. L. Hamerton, D. W. H. Barnes 
and Dr. J. F. Loutit, and is being shared between 
these four authors. 








SYMPOSIUM on the bielogy of ageing was 

held by the Institute of Biology at University 
College, London, during September 27-28. Papers 
covered a wide and heterogeneous field, the first day 
being devoted to the biological and cytological, and 
the second to the psychological, industrial, nutri- 
tional and genetic aspects of age processes. 

sir Cyril Hinshelwood (University of Oxford) 
described the changes which characterize the decline 
of cells in non-proliferating bacterial cultures. Studies 
of the exchange of radioisotopes between non- 
dividing cells and the medium suggest that the 
reversal of synthetic enzyme activities which takes 
place under these conditions is accompanied by active 
synthesis elsewhere in the system ; but this re-utiliza- 
tion of the labelled materials is incomplete, and there 
is a steady leakage of activity into the medium. The 
near-random decline of such a cell population, which 
is a possible source of analogy with the behaviour of 
populations of post-mitotic tissue cells, may be due 
to the coincidence of a number of periodicities, the 
death of any one non-dividing cell occurring when 
several cyclical processes of resynthesis happen to 
reach a minimum simultaneously. 

Dr. O. V. 8S. Heath (Imperial College, London) 
dealt with the mechanism of the growth check which 
accompanies the flowering of some higher plants, and 
with sequential changes in the composition and shape 
of leaves produced by meristems, as examples of two 
age changes in the life-cycle of plants. He described 
experiments suggesting that the change-over from 
growth to reproduction, which produces marked 
checking in most plants, and is fatal in annuals, is 
not wholly a nutritional effect. 

Dr. A. Comfort (University College, London) 
described the importance of vertebrate vital stat- 
istics in the study of the phylogeny and com- 
parative physiology of animal ageing. Actuarial 
senescence has been studied in laboratory popu- 
lations of guppies (Lebistes reticulatus) under experi- 
mental conditions. Survival curves of a great many 
non-domestic vertebrates tend to approach an arith- 
metic straight line, the number of deaths being 
constant in unit time. Some advance has recently 
been made in compiling life-tables for zoo animals ; 
but among laboratory mammals they are available 
only for rats and mice, and search is being made for 
analysable records to indicate age-mortality relations 
in birds, marsupials and poikilotherms. Important 
new information of this kind is being obtained by 
Prof. F. Bourlicre (Faculty of Medicine, Paris), 
whose paper was presented in his absence, and by his 
collaborators working on the growth and fertility of 
vertebrates in the wild. both by means of ringing 
studies and through the use of techniques of ageing 
reptiles by inspection—the French. workers are 
particularly concerned with the effects upon the life- 
span of metabolic factors such as those due to hiberna- 
tion and climate, and are attempting to compare the 
longevities of populations in warm and cold latitudes. 

Dr. G. H. Bourne (London Hospital) described 
striking differences in enzyme distribution, revealed 
by histochemical methods, between tissue cells of 
young and old rats, with a gross increase in the 
alkaline phosphatase, particularly of the Purkinje 
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cells, but also in liver, kidney and elsewhere. Tho 
changes are not confined to cells the life of which jg 
equal to that of the animal but occurs also in th, 
‘young’ cells of old animals. Dr. G. I. M. Swye 
(University College Hospital) gave an accoun 
of the progress recently made by a number oj 
workers in describing the changes in output of 
individual steroid hormones with the advance of age 
in man. Of the «-ketosteroids, the 11-deoxy fraction 
decreases most regularly with age in both sexes, the 
1l-oxy-17-keto fraction less, and the 11-oxyetio. 
cholanones least. Although human ageing is quite 
certainly not a simple consequence of steroid def. 
ciency, the separation of these differently reacting 
components has already opened the possibility of more 
effective replacement therapy in the treatment of 
some consequences of senility. 

Dr. H. M. Sinclair (University of Oxford) discussed 
two nutritional factors in the timing of human 
senescence—the effects of rapid growth in childhood 
and of overfecding in the adult upon length of life, 
and the possibility that the arterial diseases of human 
old age are direct or indirect consequences of a 
deficiency of unsaturated fatty acids due to changes 
in dietary habits over the past century. He described 
experiments suggesting that not only the tutal intake 
but also the isomeric structure of unsaturated fatty 
acids in the diet are important determinants of 
atherosclerosis, and that the requirement of these 
substances is much higher in men than in women. 

Dr. J. Maynard Smith (University College, London) 
gave an account of genetical research on the relation 
of longevity to vigour. Although there is a correla 
tion between parental and child longevity, this is 
much smaller than the sib-sib correlation, and only 
one-quarter that for stature between parent and 
child. In laboratory stocks, heterozygosity appears 
to be the most important single correlate of long lifo, 
which is part of the general complex of vigour found 
in hybrids. 

Other papers dealt with the demographic aspects 
of ageing (Dr. B. Benjamin, Office of the Registrar. 
General). the functional changes with age in man and 
their effects on employability (Prof. W. Hobson, 
University of Leeds), the use of the working life in 
man and animals as a measure of ageing (F. le Gros 
Clark) and the psychological changes occurring with 
age in man (Dr. A. Heron, Medical Research Council 
Occupational ltesearch Unit, University of Liverpool). 
The papers and subsequent discussion are to be 
published later. 


FEEDING LABORATORY ANIMALS 


HE nutrition of laboratory animals was the sub- 

ject of a symposium, organized jointly by the 
Nutrition Society and the Laboratory Animals 
Bureau, and held at Guy’s Hospital Medical School, 
London, on October 6. It was the 105th meeting of 
the Nutrition Society and the fifth in the series of 
Laboratory Animals Bureau symposia. Dr. 5S. K. 
Kon (National Institute for Research in Dairying) 
was in the chair, and nine papers were presented. 
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In the opening paper, Dr. W. Lane-Petter (director, 
Laboratory Animals Bureau, Medical Research 
Council Laboratories, Holly Hill, London) spoke of 
modern ways of feeding laboratory animals. He 
traced the development of the currently popular 
compressed compound diets, and directed attention to 
their undoubted advantages on the score of conveni- 
ence for the laboratory worker, as well as their 
probable drawbacks and the inherent weaknesses of 
this system of alimentation. The incorporation of all 
the necessary ingredients for complete nutrition, 
intimately mixed, in a cube or pellet that will not 
deteriorate after compounding, is a formidable task— 
even an impossible one. The suggestion that future 
diets should contain at least a proportion of unpro- 
cessed food-—whule cereal grains, for example— points 
to one possible development in a field still wide open 
for further investigation. 

Mr. J. Cassidy (H. C. Styles (Bewdley), Ltd.) 
showed what can be expected of the conscientious 
manufacturer in the quality control of ingredients. 
In Groat Britain, diets are made to published formulxz, 
and the manufacturer assumes, if sometimes with 
scepticism, that these formulz are satisfactory. His 
job is to compound them and present them in a 
suitable form; but it does not include devising them 
or testing their adequacy experimentally. If the total 
market for such diets were larger and not, as at 
present, dissipated among several manufacturers, 
there would be more of the commercial incentive to 
produce really good diets that make the manufacture 
of farm animal feeds so competitive. 

Some of the difficulties of assessing laboratory 
animal diets were described by Miss G. G. Weeks 
(Laboratory Animals Bureau). Growth is of little 
value as @ measure of the adequacy of a diet, because 
growth can mean so many things. Life-time per- 
formance, she suggests, in terms of weight-gain, body 
composition, reproductive performance and longevity, 
is the only satisfactory criterion, but in this she begged 
a vital question. The choice of diet is influenced by 
the use to which the animals are to be put; some 
nutritional studies require an animal to have low 
reserves of, say, vitamin D; reproductive perform- 
ance is of paramount importance for the breeder; a 
slow increase of weight over a critical period of growth 
may be of chief interest to the bioassayist; and 
longevity may, or may not, be irrelevant. 

Th. W. F. J. Cuthbertson (Glaxo Laboratories, 
Ltd.) showed that some commonly used diets for rats 
and mice contain only marginal amounts of certain 
essential nutrients; indeed, the margin may be 
altogether too narrow for safety. Semi-synthetic 
diets might have a wider usefulness than ‘natural’ 
feeds if standardization of the diet at optimum levels 
were the objective, and the cost of such diets might 
be more than offset by the gain in uniformity and 
reliability of the product. 

In discussing the problems encountered in studying 
the nutrition of cats, Mrs. P. P. Scott produced some 
valuable data from her own experimental breeding 
and raising of cats at the Royal Free Hospital School 
of Medicine. She finds that satisfactory growth of 
kittens depends largely on an intake of protein at a 
very high level. It was clear that much of this 
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evidence came from experiments on animals too small 
in number to be impressive, but the results of studies 
so far carried out show that breeding and raising cats 
under laboratory conditions hold great promise. 
Adequate diet is a necessary condition of healthy 
animals, and Dr. J. S. Paterson (superintendent, 
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Allington Farm (Ministry of Supply), Porton) 
illustrated this with particular reference to guinea 
pigs. Apart from the assimilable components of a 
diet, there may be—and in the case of guinea pigs, 
there is—a need for fibre or roughage. Deticiency of 
roughage, which is usually supplied in the form of 
hay, is often associated with dental abnormalities 
leading eventuully to the mechanical starvation of the 
animal. However, Dr. Paterson has succeeded in 
raising a line of guinea pigs, appearing in his colony 
perhaps by a chance mutation, where fibre require- 
ments are such that hay can be omitted from the diet 
without ill effects. 

In an interesting paper on monkey welfare, Miss 
K. M. Hume recounted her experiences over very 
many years at the Lister Institute with the nurture 
of different species of primates. Cage paralysis, a 
condition that has disappeared from labvratory 
animal houses, was formerly due to rickets, and the 
treatment was sunlight through ‘Vita-glass’, ultra- 
violet irradiation, or vitamin D by mouth. Miss 
Hume’s obvious regard for the welfare of caged 
primates sounded a humane—dare one say cautionary ? 
—note in a meeting in which there was a wide range 
of attack on a difficult problem. 

Dr. G. H. Bourne (London MAbospital Medical 
College) reviewed current knowledge of canine 
nutrition and also touched on the dietary require- 
ments of other carnivores. He referred to the lipamia 
and lipuria of tigers consuming large quantities of 
fat; the latter condition, by coating the floors of 
their cages with fat, can be an embarrassment and @ 
danger to the keeper. 

Finally, Mr. D. B. Bellis (Food Research Depart- 
ment, Unilever, Ltd.) spoke about the nutrition of the 
baby pig, which has some promise of usefulness as @ 
laboratory animal, and particularly of the problems 
raised by premature weaning. Substitutes for sow’s 
milk can produce results comparing satisfactorily 
with those of suckling. 

It would be oxceptional for a meoting of this kind to 
provide all the answers to such a diificult problem as 
feeding small animals under laboratory conditions, 
and this symposium was no exception to the rule ; 
but the subject did gain something in clarity of 
definition. The difference in outlook between the 
chemists on one hand, and the biologists on the other, 
was striking. The chemist is satisfied, it seems, to 
offer the animal whatever most conveniently (for 
himself) contains nutrients that will make the animal 
grow, reproduce or live as long as it is required to 
live, and the animal either eats or starves. A very 
short time will suffice to persuade it to eat, even 
without relish, whatever edible material is offered. 
But the biologist might be forgiven for thinking that 
the presence or absence of relish is relevant, and that 
an animal eating food it likes may differ from one 
eating because it has to. The study of acceptability 
of food items among animals is notoriously full of 
pitfalls, especially in animals kept under conditions 
far removed from the natural ; but to ignore it may be 
to ignore one possible method of investigating what a 
particular animal really needs to eat to support perfect 
health. Subject to rigid safeguards—all the more 
necessary when dealing with creatures of the labora- 
tory and with sophisticated or processed foods—the 
study of food preferences is not entirely irrelevant. 

The diagnosis of perfect health introduces further 
difficulties. Sub-optimal nutritional states do not 
necessarily kill or sterilize, and if they do not they 
may be overlooked. For example, very many 
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colonies of albino rats show porphyrin staining of the 
fur, particularly on the back of the neck—sometimes 
called ‘red collar disease’—but this is seldom regarded 
as abnormal for it appears not to interfere either with 
growth or with reproduction. Yet it must be asked 
whether such a condition is normal; the fact that it 
is so widespread does not make it so, for it is not 
universal. Only the sight of a colony where it is never 
seen is likely to cause anxiety in one where it is 
prevalent. 

Standardization of diets is obviously desirable ; 
but to give a diet a name and a formula does not 
automatically achieve this end. It is here that the 
manufacturers and the consumers can profit each 
ether by much closer collaboration than at present 
exists. If animals are to subsist on composite com- 
plete manufactured diets—and at least one speaker 
questioned the advisability or possibility of this— 
then the devising and the compounding of these feeds 
are interrelated. Nor will chemical standardization 
sscure any useful purpose if the feed, as offered to the 
animal, is sub-optimal in composition. In this respect 
strain differences in dietary requirements should be 
noted and allowed for. The first task is still to provide 
a diet that gives the animal all that it needs, and if 
possible a little to spare; when this is achieved, 
standardization begins to have some meaning. 

Finally, there is the humane aspect. We cannot do 
without our laboratory animals, and many would not 
wish to be deprived of this source of interest. For 


both scientific and humane reasons, they must be 
treated as well as possible, so that their lives, which 
serve us so well, shall not be a burden to them. 
Good feeding will help to this end. 

The papers presented at this symposium will be 
published (a) in the Proceedings of the Nutrition 


Society and (b) in Laboratory Animals Bureau 
Collected Papers, Vol. 5 (obtainable from the Bureau 
at the Medical Research Council Laboratories, Holly 
Hill, London, N.W.3). 


SEMICONDUCTORS AND 
PHOSPHORS 


INTERNATIONAL COLLOQUIUM 


N international colloquium on semiconductors 
and phosphors was held at Garmisch, southern 
Germany, during August 28-September 1. It had 
the support of the International Union of Pure and 
Applied Physics, and was opened by Prof. W. Gerlach. 
Its scope may be judged from the following figures : 
ninety papers were read, there were about 450 
scientific participants, and nineteen countries were 
represented, including the U.S.8.R., Eastern Germany, 
Czechoslovakia, Poland and Hungary. 

W. Schottky, in his introductory lecture, distin- 
guished (a) papers the main emphasis of which was on 
states and events which concerned the electrons, and 
(6) papers which dealt with experiraents and consid- 
erations devoted in the main to the manipulation of 
substances. 


Electronic Properties 


The magnetic susceptibility contribution (yz) which 
arises from the eurrent carriers in a semiconductor 
may be recognized by its dependence on temperature. 
Prof. G. Busch (Zurich), using a reduced representa- 
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tion in which this quantity is divided by a constay 
independent of temperature and characteristic of 
@ given specimen, showed that germanium, Ing) 
and InP ,.,Aso.. appear to have abnormally oy 
values of |yz| at low temperatures. The orizin of 
this effect remains to be investigated. Since reg. 
tively little is as yet known of the effect of impuritigs 
on the magnetic susceptibilities of semiconductor, 
the experiments of D. Geist and ‘I. Hehnen (Cologne) 
on iron-doped germanium were also of in:erest, 
Cyclotron resonance experiments on InSb at roon 
temperatures were reported by H. A. Gebbie (U.S, 
Naval Research Laboratory), and were found t 
yield an effective electren mass m*=0-01l5in, a 
compared with the value 0-025m obtained frog 
transport phenomena. Although different average 
over the energy surfaces are involved, this differencs 
is not clearly understood. Paramagnetic resonance 
experiments on silicon carbide crystals were reported 
from the Philips Laboratory by J. 8. van Wieringen, 
who contrasted the effect of doping with nitrogen, 
when three resonance peaks are observed, with the 
effect of doping with boron or aluminium, when 
only one peak is found. Interesting speculations 
concerning the nature of the nitrogen impurities 
in the lattice (namely, that the trapped electron can 
be in an s-state and near a nitrogen nucleus) are 
possible. In another lecture the appropriate equili- 
brium probabilities for the trapping of electrons by 
singly- or miultiply-charged defects which have 
several trapping levels were also discussed. 

Transport phenomena. Among the non-equilibrium 
properties, considerable interest was shown in trans. 
port phenomena. Here C. Herring (Bell Laboratories) 
and J. E. Parrott (A. E. I., Aldermaston) discussed 
consequences of the fact that phonons of long wave- 
length are less likely to suffer collisions leading to 
change of direction than phonons of short wave-length, 
so that they can contribute strongly to thermal 
conduction. By exerting a drag on the charge 
carriers, they are also responsible for an additional 
term in the thermoelectric power. Good single 
crystals, low concentrations of impurity and low 
temperatures are required to show up the effects of 
these phonons. Considerable interest was also shown 
in the magneto-resistance ratios. Thus, a negative 
ratio was found for gallium arsenide below 40° K. 
(R. Broom, R. Barrie and I. M. Ross, Services 
Electronics Laboratory), and delicate micromanipula- 
tion to measure the effect in graphite was also 
reported (R. G. Breckenridge, National Carbon Co., 
U.S.A.). From the K.C.A. Laboratory (M. Glicks- 
man) interesting results on germanium-silicon alloys 
were described which suggest that pure germanium 
galvanomagnecic properties occur up to a composition 
of 10 per cent silicon, and pure silicon galvanomagne- 
tic properties occur above 25 per cent silicon. A 
paper (H. Weiss, Siemens Schuckert, Erlangen) and 
discussion on the thermal conductivity of InSb 
showed that further experimental clarification i 
required in this difficult field before all experiments 
can be reconciled with each other. Further work on 
the photoelectro-magnetic effect was reported by 
British workers (T. 8S. Moss, Royal Aircraft Establish- 
ment; G. G. Macfarlane and V. Roberts, Radio 
Research Establishment). 

Barrier-layer physics. Some attention was given 
during the conference to those aspects of transport 
phenomena which may be grouped under the heading 
of barrier-layer physics. In a general report, E. 
Spenke (Siemens Schuckert, Pretzfeld) cirected atten- 
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tio to large-area silicon rectifiers, designed by 


L 078 No. 4543 












onstant 






istic of I giamens and ready for production, which pass about 
, InSb #950 amp. at 1 V. forward and 1 amp. at 1,000 V. 
ly low reverse voltage. The advantages over germanium 
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rectifiers may be traced back to some extent to the 
larger energy-gap in silicon. The manufacture of 
very pure silicon by the floating zone method is an 
essential factor in the production of these rectifiers, 
and the most suitable reactions for this purpose 











1LOrest, were reported to be: 
Un SiCl, + 2H, =4HCl+ Si 
ind ty or SiHCl,+H,=Si+3HCl 
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[Two papers from the University of Reading reported 
new work on germanium contacts (J. D. Nixon and 
Pp. C. Banbury ; D. Hanemann and A. J. Mortlock). 

Surfaces. Closely connected with barrier layers 












*nance are investigations of surfaces. Here, J. Bardeen 
ported (Illinois) showed clearly that reasonably reliable 
‘ingen, % methods for determining the distribution of surface 
rogen, # states are now available, and that future work must 
th the try to determine the chemical nature of the fast and 
when § the slow states known to occur on etched surfaces of 
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germanium and silicon. 

Life-times of excess carriers. About eight papers 
dealt with another aspect of typically non-equilibrium 
properties, namely, the life-times of excess carriers in 








quili- 4 semiconductor. A paper by W. Scanlon (U.S. 
ns by fF Naval Ordnance Laboratory) seemed to show con- 
have & clusively that the moving line of light method for the 





determination of life-times is unsuitable for natural 
single crystals of lead sulphide, unless they are 
cleaved in an inert atmosphere. A life-time (+) of 
l usec. as obtained by this method (and judged to be 
the true volume life-time by comparison photoelectric- 























vave- J magnetic measurements) may be raised to many times 
18 © & this value by the admission of other gases. By using an 
agth, IF etching solution containing thiourea to reveal densi- 
rmal & ties of etch pits (VN), a relation t=constant/.V was 
1arge H established, and the conclusion that life-time is 
ional & independent, of conductivity was also inferred. This 
ingle F important contribution will undoubtedly stimulate 
low & re-examination of previous work in this field. 

ts of Carrier trapping due to dislocations was discussed 
Own @ by H. Kawamura (Osaka, Japan). He _ inferred 
tive 2-3 A. as the effective width of a dislocation in 
K Bi germanium so far as trapping is concerned. The 
"1¢8 H dependence of life-times in silicon on temperature 
ula J were shown to be in contradiction with simple 
also trapping models by M. Zerbst and W. Heywang 
Co., & (Siemens Halske, Karlsruhe). 

cks- Optical properties. If it is borne in mind that 





excess carriers may end their lives by radiative 
transitions, the connexion between life-times and 
optical properties becomes clear. J. R. Haynes and 
K. G. MeKay (Bell Laboratories) spoke about this 
topic with special reference to the production of 
radiation in silicon due to processes involving thermal 
and high kinetic-energy current carriers respectively. 
Haynes showed that the energy spectrum of recom- 
bination radiation at liquid-nitrogen temperatures 
has a peak at 1-1 eV. (due to interband transitions), 
and that other peaks exist, the separation of which 
















sh- from this main intrinsic peuk yields known impurity 
dio & activation energies. ‘his was found to be the case 

for indium, gallium and boron impurities, while doping 
fen ® with boron and arsenic jointly also produced unex- 
ort & plained peaks. The spectral distribution due to 
ng & recoinbination processes which involve ‘hot’ electron 
E. & and hole gases (that is, gases which are out of equili- 
m §& brium with the lattice) was shown by McKay to be 
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due to band-band transitions as well as optical 
transitions in one and the same band. By applying 
reverse bias to a p-n junction formed on a p-type 
silicon crystal with a layer (2u thick) of n-type silicon, 
it was possible to observe spots of red light near 
breakdown. ‘The current—voltage characteristic near 
breakdown had a series of discontinuities and it 
seemed that at each discontinuity a new spot made 
its appearance. From a correlation of electrical and 
optical data the diameter of a breakdown region 
could be estimated at about 50 A. In germanium 
the current discontinuities, but not the light spots, 
have been observed to date. 

Phosphors. Discussion of light emission by mon- 
atomic semiconductors leads on to the general 
problems of luminescence und phosphors, which are 
of technical importance for television screens, 
advertisements and, possibly in the future, for 
domestic illumination. W. Hoogenstraaton (Philips, 
Eindhoven) reviewed the non-electronic energy 
transport in phosphors. ‘The possible importance of 
excitons was discussed rather speculatively here, 
and at various points throughout the meetings. 
Absorption spectra characteristic of excitons have 
been reported by H. Masakazu (Japan), E. Gross 
(U.S.S.R.) and S. Nikitine (France). Though some 
reserve must be maintained with regard to the 
interpretation of these spectra, there was lively 
interest in the properties of excitons. Thus, arguing 
from photoconductive experiments, the conjecture 
was even made that the life-time of excitons may 
possibly be as long as 10-* sec. and their diffusion 
length as long as 3 mm. in single crystals of cadmium 
sulphide at room temperature (M. Balanski and 
I. Broser, Berlin). A theoretical paper concerning 
their stationary and non-stationary properties was 
given by H. Haken (Erlangen). 


Manipulation of Substances 


In the large group of papers dealing with the 
manipulation of substances, E. Billig (A.E.1., Alder- 
maston) gave a review of growth and defects of semi- 
conductor crystals (supported by a short film on 
crystal growth). A number of problems raised here 
and in discussion (and also in connexion with a 
paper by I. P. Penning (lhilips, Eindhoven) ) con- 
cerned the possibility of the motion of a dislocation 
during etching, the deposition of copper at disloca- 
tions, the possible production of dislocations by therm- 
al stress near the crystal — melt interface, etc. In a 
review of the related problem of the incorporation of 
foreign atoms in the lattice, a new notation for 
defects in crystals was suggested (F. A. Kréger and 
H. J. Vink, Philips, Eindhoven). The diffusion of 
defects was also considered ; the effect of the surface 
was discussed by F. M. Smits, R. C. Miller and R. L. 
Batdorf (Bell Laboratories), the diffusion of activators 
in zine sulphide by H. Ortmann (Berlin), and the 
diffusion of hydrogen in zine oxide by J. J. Lander 
(Bell Laboratories). 

Bombardment of semiconductors. A group of papers 
on manipulative techniques included some on the 
bombardment of semiconductors. H. Y. Fan (Purdue, 
U.S.A.) discussed recent work in this field, and 
compared the effects (which are not identical) of 
electron and «-particle irradiation of germanium, in 
addition to reporting results on the effects of irra- 
diation on silicon, InSb and In4s. R. Gremmel- 
maier and H. Welker (Siemens Schuckert, Erlangen) 
described the use of InP as a detector of neutrons, 
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by taking advantage of an (»,7)-process due to the 
reaction of slow neutrons with indium, and subse- 
quent conversion of the indium isotope with the 
emission of 8-radiation. The y- and 8-rays produce 
electron-hole pairs, so that at an InP p-n junction 
an e.m.f. is developed the decay of which after 
irradiation enables one to infer the neutron flux. 


Papers on specific groups of materials included a 
discussion of the mechanism of luminescence in silver 
halides (Z. MatyaS, Prague). New ternary com- 
pounds with semiconductor properties were dis- 
cussed briefly in two papers, and D. A. Wright 
(General Electric Co., Wembley) reported on the 
properties of bismuth telluride, which is suitable for 
studying the problems of thermoelectric refrigeration. 
Organic systems were also discussed. H. P. Kallmann 
(New York) put forward considerations which suggest 
that the energy transfer in liquid organic systems 
is by collision rather than by irradiation. He also 
reported experiments on photoconductive effects in 
organic crystals in which the motion of holes appears 
to dominate. 

Papers submitted to the colloquium, but not read, 
included one on the electrical properties of some 
binary compounds by D. N. Nasledov (Leningrad) 
and another on the breakdown of p—n barriers by 
B. M. Wul (Lebedew Institute, Moscow), and parti- 
cipants of the colloquium were glad to be able to 
discuss with the authors recent Kussian work in 
these and related fields. 

It is a tribute to the work of the organizers that 
the texts of most of the invited papers and the 
abstracts of most shert papers were in the hands of 
the participants before the meeting. Nevertheless, 
there was comparatively little discussion in the open 
meetings ; though, if time had been allocated expli- 
citly to discussion, there would have been numerous 
contributions from the floor, judging from the many 
fruitful private conversations which were proceeding 
between meetings. 

It is regretted that several interesting papers cannot 
be mentioned here, but enough has probably been 
said to indicate that a very wide field was covered. 
While it is true that no new band structure calcula- 
tions were reported, and impurity band conduction 
was touched on only incidentally, it is in fact difficult 
to think of any other basic topic which was not 
raised in one or other of the papers submitted. The 
proceedings will be published early in 1957 as volume 4 
of “‘Halbleiterprobleme” (Friedr. Vieweg u. Sohn), 
with each contribution in its original language. 

P. T. LANDSBERG 


EXTRUSION AND ROLLING 
PROCESSES 


HE September conference of the British Society 

of Rheology held in Sheffield during September 
27-28 had as its title ‘Extrusion and Rolling Pro- 
cesses”. The varied interests of members of the 
Society were fully illustrated by the wide scope of 
the papers presented. Each had in common some 
particular aspect of rheological behaviour. The con- 
ference, consisting of the presentation of six papers 
and the attendant discussions, was opened bv the 
president, Prof. J. G. Oldroyd (University College of 
Swansea). 
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“Some Applications of Kheology in the Investiga. 
tion and Practice of Polymer Extrusion” was the title 
of a paper by W. F. UO. Pollett (Henley’s Research 
Laboratories). The simple screw extruder is oxtep. 
sively used in the electric cable industry for the 
application of dielectric and protective covorings, 
composed essentially of high polymers. Standard 
quantitative treatments of the theory of screw 
operation in conjunction with viscous materials haye 
been based, erroneously, on the assumption that the 
thermoplastics and rubbers used in the cabie industry 
exhibit Newtonian behaviour. The Ostwald de Wael 
relationship provides a somewhat closer approxima. 
tion to practice within certain limits of screwy 
design. 

The use of different coloured materials is a standard 
method for mapping flow-paths in an extruder and 
can be supplemented by two complementary tech. 
niques. Strains can be ‘frozen in’ many high polymers 
by a reduction in temperature, and elastic recovery 
will afterwards occur if the temperature is again 
raised. The recoverable strains produced in plasti- 
cized polyviny! chloride during its passage throuch the 
extruder can be stabilized in this way and their dis. 
tribution studied by the reheating of suitable samples. 
Further, the temperature at which recovery occurs 
depends upon that at which the polyviny! chloride 
was deformed. These methods have greatly assisted 
the correct design of T-heads used for the application 
of extruded wire and cable coverings. It has been 
shown that when material emerges from the screw 
channel, it converges towards the axis of the barrel in 
consequence of the Weissenberg effect. Unless the 
boundaries are suitably shaped, this will result in 
stagnant zones leading to decomposition of the poly. 
mer or to premature curing in the case of vulcanizable 
compositions. 

When the conditions at the die are such as to favour 
the formation of high recoverable strains, there is a 
tendency for the exudate to exhibit a characteristic 
type of surface roughness probably caused by the 
stretching of the surface layers as the velocity 
gradient existing in the die is dissipated in the vicinity 
of the die mouth. This effect can often be avoided by 
an increase in temperature ; or, if this is impractic- 
able, by maintaining by special die design a shear-rate 
of 104-105 sec.-? for a sufficiently long time. 

The determination of extrusion variables and the 
principal features of press design can be treated 
theoretically as shown by P. Feltham (University of 
Leeds) in his paper ‘‘A Simple Theory of the Criteria 
of Press Design and Process Efficiency in the Indus- 
trial Extrusion of Metals”. In the direct extrusion 
process, work done by the ram is expended on useful 
plastic work in reducing the dimensions of the metal 
from A, to A, where A, is the cross-sectional area 
of the billet and A that of the extruded bar. Work is 
wasted due to friction at the billet/container inter- 
face, as well as on plastic work which does not yield 
@ final plastic deformation. Since flow during extru- 
sion is essentially streamlined, useless work of this 
latter kind is very small and is neglected in the 
theory. The maximum extrusion pressure can be 
shown to be: Gmax. = Ya [In(A,/A)! exp (4 pL’/D), 
where Y, is the tensile yield stress of the fully work- 
hardened material at the extrusion temperature, 1 is 
the effective coefficient of friction at the _ billet/ 
container interface, L’ is a length slightly smaller 
than the billet length and D is billet diameter. The 
strain-rate in the ‘virtual die’ formed by ‘dead metal’ 
near the true die orifice is approximately equal to 
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(3V/D)|n(A 9/A), where V is ram velocity. Ya depends 
on strain-rate and temperature and can be obtained 
from high-temperature rheological data for metals at 
high st rain-rates. Extrusion forces calculated from the 
theory for aluminium, copper and lead using a wide 
range of extrusion temperatures, extrusion ratios, ram 
velocities and billet dimensions showed very good 
agreement with experimental results. The maximum 
extrusion force F'max. = AoSmax. has @ minimum for 
a given value of A, and fixed value of billet volume V. 
From the condition dFpsx./dD = 0, an optimum 
value of billet diameter D can be determined. Such a 
determination could be particularly valuable when 
using a press near its maximum capacity. At very 
high temperatures with high extrusion ratios, the back 
shear stress at the billet surface due to friction may 
exceed the tensile shear stress of the metal. When 
this happens, a thin skin of metal adheres to the 
contained wall after extrusion, and the maximum 
extrusion stress then becomes Ya,{In(A,/A) + 
(2mL’/D))}, where m = Yo/Ya and Y» is the tensile 
shear stress of the billet in the surface region. 

In “The Use of Optical Methods in the Manufacture 
of Plastic Sheet”’, H. H. Allen (British Celanese, Ltd.) 
pointed out that optical methods can be usefully 
employed to obtain information about rheological 
conditions of both product and process in the con- 
tinuous production of both cast and extruded plastic 
film or sheet. The instruments used should be simple 
and robust, and preferably utilize some projection 
technique. One instrument recently developed, 
using a technique based essentially on the schlieren 
method, can detect normal and abnormal flow lines, 
‘cold-flow’ patterns and any impurities and inhomo- 
geneities. 

Anisotropy often exists in thin plastic sheets and is 
generally caused by stresses due to flow in the extruder 
die or casting box. Orientation of sheet is of impor- 
tance because of its general deleterious effect on 
physical properties. An interesting correlation exists 
between optical anisotropy and such physical proper- 
ties as breaking strength and heat shrinkage, and its 
measurement can be used, therefore, to determine 
these important properties. Further, since its presence 
reflects to some extent the rheological behaviour of the 
process, it can be used to detect changes in operating 
conditions with consequent greater uniformity of 
product. Continuous measurement of optical aniso- 
tropy can be carried out by comparing on a screen the 
light transmission of the sheet and each of two 
pairs of crossed ‘Polaroids’. This instrument also 
determines the direction of orientation. Diverg- 
ence between extrusion or casting direction and 
direction of optical anisotropy indicates flow disturb- 
ance. 

The theoretical aspects of milling and calendering 
were discussed by E. B. Atkinson (B.X. Plastics, 
Ltd.) in his paper ‘Milling and Calendering of Plas- 
tics”. In the mills and calenders used extensively in 
rubber and plastics technology, a ‘bank’ of plastic 
material is built up at the entrance side of the roll 
‘nip’ and is squeezed through the roll gap as a con- 
tinuous sheet. The flow regime in the plastic in the 
region between the rolls and the magnitude of the 
stresses arising are of considerable interest to the 
plastics technologist and the design engineer. The 
theoretical treatments of Ardichvili, Eley and Gaskell 
were based on assumptions of doubtful validity. 
Except in the case of a high degree of slip (that is, 
with heavily lubricated compositions) the flow regime 
can be regarded as equivalent to the extrusion of 
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plastic material through a slot of varying height, and 
the pressure distribution, roll thrust, and shaft 
torque determined by the shear stresses set up at the 
roll surfaces. Gaskell’s treatment is based on these 
assumptions, but in its original form is not readily 
applied to non-Newtonian materials. Atkinson and 
Nancarrow have carried out a similar treatment based 
on an empirical power-law relationship between shear 
stress and velocity gradient. In this the pressure 
distribution, total roll thrust and shaft torque may 
be obtained from expressions which contain the 
rheological parameters, roll dimensions and speeds, 
and from tables of numerically evaluated functions 
which depend upon the size of the ‘bank’ of plastic in 
the ‘nip’ and the exponent of the power law. 

Theoretical treatments of the rolling and extrusion 
processes are affected by a rise of temperature during 
the process. A paper on ““Iemperatures developed 
during Extrusion’, by M. T. Watkins (Mechanical 
Engineering Research Laboratory, Department of 
Scientific and Industrial Kesearch), was therefore of 
great interest. Suitable sub-presses were developed 
for the direct and inverted extrusion of rod and 
Hooker tubes and the inverted extrusion of tubular 
containers. The sub-press was set up for the appro- 
priate extrusion and mounted in a 150-ton up-strok- 
ing hydraulic press. The extrusion load and punch 
stroke were measured by variable capacity gauges 
of the parallel-plate and concentric-cylinder types 
respectively. Temperatures within the slug were 
measured at four positions simultaneously by thermo- 
couples protected by high-tensile steel sheaths, it 
having been established that these sheaths had 
little if any influence on the flow pattern. Rods, 
Hooker tubes and tubular containers of chemical 
lead Grade A, aluminium 99-5 per cent, copper 
E.R.H.C. and 70/30 brass were extruded at room 
temperatures at punch speeds of 1 to 30 in./min. 
All slugs excepting those used for studies on the effect 
of slug dimensions were of | in. and 2 in. diameter 
and of heights 1 in. and 2 in. respectively. The 
major factors contributing to the temperature rise 
inside the slug during extrusion were the reduction in 
area and punch speed. The highest recorded tempera- 
tures for the extrusion of lead and aluminium rod at 
99-4 per cent reduction were 180° C. and 280° C. 
respectively, the thermocouples being located 4 in. 
inside the slug. In the extrusion of lead at this reduc- 
tion, an increase in punch speed from 1 in. to 5-5 in./ 
min. resulted in an increase in observed temperature 
from 90° to 170° C. With aluminium at 94 per cent 
reduction under similar conditions, the temperature 
increased from 65° to 160° C. 

The difficulties inherent in the theoretical treatment 
of hot rolling were emphasized by A. W. McCrum 
(British Iron and Steel Research Association) in a 
paper entitled ‘Theoretical Aspects of Hot Rolling’. 
Despite its great importance technologically, the hot 
rolling process has received little theoretical treatment. 
Within the temperature-range of hot working, the 
frictional stress between the rolls and the stock 
approaches the yield strength of the material in shear, 
and as a consequence of this and the geometry of the 
process, the deformation is complex and in general is 
three-dimensional with the occurrence of appreciable 
increase in width (spread). A rigid theoretical solu- 
tion of even the simplest problem, a rectangular bar 
between parallel rolls, is at present unobtainable 
without making many simplifying assumptions. Most 
of the early theories have been largely empirical, and 
only the analyses of Ekelund, Orowan and Sims can 
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be said to have a theoretical basis. None of these 
treatments yields formule which can be widely used 
in practice. Of the many formulzx proposed for the 
calculation of the spread of a rectangular bar between 
parallel rolls, that of Ekelund is of reasonable accur- 
acy but too complex for practical utilization. A 
recent formula derived by Hill combines accuracy 
with simplicity; but a parameter representing the 
effect of either friction or the deformation behaviour 
of the material must be determined in advance. 
The practical requirements of a satisfactory theory 
of hot rolling are: (a) prediction of roll force and 
torque to the required degree of accuracy, and (/) 
spread must be predicted so that the final product is 
within the required tolerance limits. Furthermore, 
this should be possible for all simple shapes such as 
diamonds, squares, ovals, etc. The problem is further 
complicated by the modern use of continuous multi- 
stand rolling, where a knowledge of stock entrance and 
exit speeds for a given velocity of roll surface is 
essential. D. Harpwick 


THE BRITISH ELECTRICAL AND 
ALLIED INDUSTRIES RESEARCH 
ASSOCIATION 


ANNUAL REPORT FOR 1955 


T is sad to record that within a few days after the 
presentation of the annual report for 1955 of the 
British Electrical and Allied Industries Research 
Association* to the annual general meeting of that 
body on May 2, the Association lost by death its 
director, Dr. Stanley Whitehead. Dr. Whitehead 
had served the Association for just over thirty years 
and he had discharged with distinction the duties 
of director for the past twelve years. 

Since the report was issued, the Association’s new 
laboratories at Leatherhead have been completed 
and with only a few exceptions the researches which 
were carried on at Perivale have been transferred to 
the new quarters and are already established there. 

In the introduction to the report it is mentioned, 
under the heading of ‘‘Finance’’, that a quinquennial 
period covered by agreement with the Department 
of Scientific and Industrial Research for the award 
of grant will shortly come to an end and it is known 
that, in relation to renewal of grant, the new condi- 
tions will make the ratio of grant to grant-earning 
income less than under the present generous terms. 
With this in view, and taking account of the improved 
facilities for research provided by the new laboratories, 
the “‘Council is giving serious thought to the ways and 
means of securing the additional income necessary 
for the effective and efficient pursuit of the Associa- 
tion’s functions’. 

As in previous years, the report gives brief sum- 
maries of the year’s work in each of the research 
sections, together with a list of reports which have 
been issued or prepared during that period. There 
are also included a list of members of the scientific 
and administrative staff, the composition of the 
various standing committees, a list of those engaged 
in the Association’s extra-mural researches and 


* British Electrical and Allied Industries Research Association. 
Thirty-fifth Annual Report (1st January. 1955, to 31st December, 
1955). Pp. 141. (Leatherhead: British Electrical and Allied Indus- 
tries Research Association, 1956.) 
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finally a full list of the membership of the Associa. 
tion. 

Among the more important of the research items 
reported may be mentioned the discovery of a ney 
form of intrinsic breakdown arising from mechanical 
instability in the electrostatic field (see Nature, 176 
1225; 1955). This discovery occurred in the course 
of a research into the properties of irradiated diclec. 
trics, as a result of which it had been shown that 
irradiation enables polythene, for example, to retain 
discharge resistance to a much higher temperature, 
It is also reported that a long-term investigation has 
been started on the thermal endurance of insulating 
materials, in which is included the ageing and hydroly. 
sis of “Terylene’. , 

In discharge physics a theory of the are core. has 
been developed which is based on the variation of 
thermal conduction with temperature. Further ney 
theoretical work has been done on the electron 
emission from a cathode of low boiling point and on 
the motion of the cathode spot. 

An improvement in the efficiency of utilization of 
electric cables should result from the publication 
during the year of a new rating table for paper and 
varnished cambric cables. These tables, used in 
association with a group of reports, enable advantage 
to be taken of higher temperatures allowed for certain 
types of cable, of variable loading and of a knowledge 
of the thermal properties of soil. Corresponding work 
on installation cables has already been incorporated 
in the thirteenth edition of the Wiring Regulations 
issued by the Institution of Electrical Engineers. 
Under “Circuit-Breaking’’, it is noted that the survey 
of rates of rise of re-striking voltage, which has 
already been made for the British 275-kV., 132-kV., 
and 66-kV. networks, has been extended to the 
33-kV. system. This investigation and others of a 
similar character have utilized the Association's 
network analyser, and it is noteworthy that a number 
of these problems have required for their solution 
the special facilities which have been incorporated 
in this equipment. 

In addition to the continuation of work on air 
blast and oil circuit breakers, it is reported that 
significant progress has been made on the rupture of 
heavy currents under low pressures and that an 
experimental continuously evacuated switch has 
interrupted the full output of the Perivale test 
plant. 

There is increasing interest, arising largely from 
the chemical and oil industries, in flame-proofness 
and intrinsic safety. A new sectional committee has 
been appointed to direct an expanded programme of 
work in this field, which is being financed by special 
contributions from makers, users and the govern- 
ment. 

A revised Code of Practice on Earthing is now 
nearly complete, and a survey has been carried out 
on the ageing of electrical installations in relation to 
the incidence of fires. 

Research on the properties of high-pressure, high- 
temperature steam continues, and work has been 
started on the extension of the Callendar (1939) Steam 
Tables, the first region under investigation being that 
up to 5,000 Ib./in.? and 1,400° F. 

A report will soon be published summarizing the 
results of tests for 10,000 hr. on the. creep- and 
corrosion-resistance of steels for high-temperature 
service in steam plants. 

The heading ‘“‘Unclassified Researches” covers a 
group of six subjects which are as follows: astro- 
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physics, fixed resistors, rotating electrical machines, 
measurement of current and voltage on high-voltage 
systems, storage and generation of electrical energy 
and the welding arc. 

It is reported that work on the hydrogen—oxygen 
fuel cell has reached the stage at which a cell has been 
tested for more than 1,500 hr. and full-scale per- 
formance can now be predicted with confidence. 

In relation to arc welding, it is stated that the 
surge injection system, a device developed by the 
Association which stabilizes the arc in the a.e. 
tungsten arc-welding process without generating 
radio interference and enables low-voltage plant to 
be used, is now in commercisl production. There is 
also in this section a reference to the development of 
a novel method for the measurement of current at 
high voltage. This is a magneto-optical current 
transformer based on the Faraday effect. 

Towards the close of the introduction, mention is 
made of a proposal to publish at intervals an ERA 
Journal which would aim at bringing out the actual 
and possible impact of the Association’s researches 
on industry ; the first issue of this journal appeared 


recently. JAMES GREIG 


TECHNICAL INFORMATION 
SERVICES TO COMMERCE AND 
INDUSTRY 


ARLY in 1955 the steering committee of the 

Regional Academie Board of the London and 
Home Counties Regional Advisory Council for Higher 
Technological Education asked its Librarianship 
Committee for advice on the feasibility of co-opera- 
tion between county and municipal libraries in 
technical colleges, industrial firms and _ research 
associations in a given area to provide a scientific 
and technical information service which would be 
available to all local industrial and commercial con- 
cerns. Since that time the committee has examined 
schemes in operation, or planned, in the London 
and Home Counties region and in other parts of 
Britain. 

Among these were the cities of Liverpool and 
Sheffield, a co-operative scheme between county 
boroughs in south-east Lancashire, as well as one 
operated by the Hertfordshire County Council. The 
committee notes that, from the evidence available, 
the needs of industrial firms vary from area to area 
and recommends that the schemes in being at the 
places visited should be brought te the notice of 
municipal and county libraries, and to local commit- 
tees of the British Productivity Council in the region 
with a suggestion that consideration might be given 
to the development of similar schemes on individual 
lines to suit local needs. 

The technical colleges themselves can do much to 
stimulate the use by industry of scientific and techni- 
cal information services in the following ways: by 
developing the college library to form a valuable part 
of the teaching programme; by fuller use of the 
college library in the teaching programme than is 
the general practice at the present time ; by training 
students in the use of the library’s resources and other 
sources of information available to them in other 
libraries. If students are so trained during their 
years at college it is reasonable to expect that they will 
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continue to turn to sources of information with which 
they are already familiar, in tackling the problems 
which face them later in industry and commerce. 
So, too, the link between the colleges and the industrial 
world will be progressively strengthened. 

It is finally recommended that local education 
authorities in the region should consider what active 
steps may be taken to encourage the fuller use of 
libraries in teaching in technical and commercial 
colleges and that the teachers’ organizations repre- 
sented on the Regional Advisory Council should 
also be invited to give urgent consideration to this 
matter. 


MANAGEMENT BY SUPERVISION 


N the world of industrial management it is 
becoming increasingly fashionable for lectures 
and articles to consist of exhortations or harangues 
by senior executives based on long experience in 
their particular firms. This, though useful, has its 
limitations, and it is refreshing to read a manage- 
ment journal where observations based upon original 
investigation are included. In the current issue of 
Personnel Management (38; September 1956), the 
organ of the Institute of Personnel Management, 
two articles describe researches which have been 
carried out by workers with experience in the field 
of social science. One of these, Nancy Wansborough, 
of the Acton Society Trust, has examined the 
effectiveness of internal advertising of vacancies as 
a means of making a demonstrably fairer system of 
promotion in industrial organizations. Her general 
conclusion is that the advantages of internal adver- 
tising outweigh the disadvantages, particularly in a 
firm where relations are already good. But in a firm 
where morale is low, employees may wonder whether 
advertisements are genuine or whether they are being 
used as a smoke-screen. In such circumstances, the 
introduction of advertising may make the last state 
worse than the first. 

The second article has been contributed by Rensis 
Likert, director of the Institute of Social Research at 
the University of Michigan. Since 1947 the Institute 
has been conducting a series of related studies seeking 
to find what kinds of organizational structure and 
what principles and methods of leadership and 
management result in the highest productivity, least 
absence, lowest turnover, and the greatest job satis- 
faction. Studies have been conducted, or are under 
way, in a wide variety of organizations. These include 
one or more companies in such industries as the 
following: public utilities, insurance, automotive, 
railroad, electric appliances, heavy machinery, 
textiles and petroleum. Studies have also been made 
in government agencies. 

In general, the design of the studies has been to 
measure and examine the kinds of leadership and 
related variables being used by the best units in the 
organization in contrast to those being used by the 
poorest. 

When foremen are asked what they have found to 
be the best pattern of supervision to get results, a 
substantial proportion, usually a majority, will place 
primary emphasis on getting out production. Other 
supervisors, whom Likert calls employee-centred, 
report that they get the best results when they place 
primary emphasis on the human problems of their 
workers. 
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Higher levels of management, in discussing how 
they want their foremen to supervize, tend to place 
more emphasis on the production-centred approach 
as the best way to get results ; workers, on the other 
hand, tend to place less. 

But which orientation yields the best results? A 
variety of studies in widely different industries show 
that supervisors who are getting the best production, 
the best motivation and the highest levels of worker 
satisfaction are employee-centred appreciably more 
often that production-centred. 

Related to orientation of supervision is closeness 
of supervision. Close supervision tends to be associ- 
ated with lower productivity, and more general 
supervision with higher productivity. Low pro- 
ductivity at times leads to closer supervision; but it 
is clear also that it causes low productivity. 

In one of the companies involved in the research 
programme it was found that switching managers of 
high- and low-production divisions resulted in the 
high-production managers raising the productivity 
of the low-production divisions faster than the former 
high-production divisions slipped under the low- 
production managers. Supervisors, as they were 
shifted from job to job, tended to carry with them 
and to maintain their habitual attitudes towards the 
supervisory process and towards their subordinates. 

Investigations showed that the cleser the super- 
vision the less the productivity. Where supervision 
was more general, productivity increased, and this 
was accompanied by shifts in a favourable direction 
in attitudes, interests and perceptions. Workers 
became more interested and involved in their work, 
accepted more responsibility for getting the work 
done, and their attitudes towards the company and 
their superiors became more favourable; they 
accepted direction more willingly. 

Where the supervision was close, all these attitudes 
and related variables shifted in an unfavourable 
direction. *“All the hostilities, resentments, and 
unfavourable reactions which have been observed 
again and again to accompany extensive use of the 
scientific management approach manifested them- 
selves.’’ A fundamental conclusion from this experi- 
ment and similar research is that direct pressure 
from one’s superior for production tends to be 
resented, while group pressure from one’s colleagues 
is not. 
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Other experiments were concerned witli the 
relationship between morale and productivity. [t js 
generally believed by management that the highe 
the morale, the higher the production. Subs: antigl 
research by Likert and others has shown thot this 
relationship is much too simple. Some units hays 
low morale and low production; other units haye 
fairly good morale and low production; still others 
have fairly good production but low morale ; finally, 
other units have both high morale and high pr. 
duction. 

Units with low morale and low production tend to 
have supervision which is laissez-faire in character 
and in which the leadership function has largely 
been abandoned. Units which have fairly good 
morale but poor production tend to have supervisor 
who try to keep people ‘happy’. These supervisors 
are often found in companies in which human 
relations training programmes have been intro duced 
and emphasized. 

In the outstanding firms there is a kind of super. 
vision which results in high production with high 
morale, high satisfactions and high motivation. 

Making a plea for the rapid extension of research 
into management problems in industry and else. 
where, Likert insists that every research project 
dealing with supervision and _ leadership shows 
how the most able supervisors and managers are 
struggling in company after company with trial. 
and-error methods to discover how to improve their 
supervision. 

It is possible to wait for this trial-and-error process 
gradually to evolve and to make clear what the new 
organization and management theory and _ processes 
will be. It would be faster and much more efficient 
to use the power of systematic research and experi- 
ment to accelerate their discovery and refinement. 
Those companies which support and co-operate in 
research to discover improved processes of manage- 
ment and to train their personnel will have a distinct 
advantage over companies which do not. Those 
which support research will discover at an earlier 
date the principles and practices which the successful 
companies of the future will be using and in which 
their own developing executives and managers should 
be trained. They will not experience the tragedy 
and cost of obsolete management which is so common 
in industry. 


THE FATE OF WILHELM HIS 


By Cr, LAURENCE PICKEN 
The Library, Zoological Station, Naples 


“The experience of many years has taught me 
that phrases oft repeated finally ossify to con- 
viction and utterly dull the organs of intuitive 
perception”. 

(GorTHE: “On the Intermaxillary Bone”’.) 


T is the fate of certain men of science to have 
I made so great a mark on their century-distant 
generation that their names add lustre still to a 
bibliography, though their views (it is agreed), if not 
erroneous, are at least outmoded. Such names evoke 
a grateful sense of progress; they may be held up 
to the young as a warning against being unsound ; 
and of corruption there is no danger—for who would 


read a discredited though venerable author ? ‘This 
highly select company includes among others, and in 
varying degrees of membership, Lamarck, St. Hilaire 
and Ehrenberg; for many, Goethe; and unques- 
tionably Wilhelm His, native of Basle, sometime 
professor of anatomy in the University of Leipzig. 

‘The object of this article is to direct attention to the 
imperfect manner in which knowledge of the work of 
His has been transmitted-—an imperfection due to 
that unmerited indifference, already well established 
in his lifetime, of which Needham! has considered the 
historical causes. 

“T can well remember”, wrote Sir D’Arcy Thomp- 
son’, p. 84, “the harsh criticism and even contempt 
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which His’s doctrine met with, not merely on the 
ground that it was inadequate, but because such an 
explanation was deemed wholly inappropriate, and 
was utterly disavowed”; and His himself in his 
letter of 1888 to the Royal Society of Edinburgh® 
well summarized the types of reaction which his 
approach to embryological problems evoked. The 
aspect of his work which most offended was his con- 
tention (to quote Thompson? again, p. 83) “that the 
foldings of the blastoderm, by which the neural and 
amniotic folds are brought into being, were the 
resultant of unequal rates of growth in what to begin 
with was a uniform layer of embryonic tissue’. 
Later critics have picked on the word ‘growth’ as 
vulnerable to attack, without pausing to inquire 
what His meant by that term; but his contem- 
poraries were distressed by other and very different 
considerations. ‘““To one it seemed ridiculous to 
speak of the elasticity of the germinal layers ; 
another thought that, by such considerations, we 
‘put the cart before the horse’ ; and one more recent 
author states, that we have better things to do in 
embryology than to discuss tensions of germinal 
layers and similar questions, since ail explanations 
must of necessity be of a phylogenetic nature. . . 
The present fashion requires that even the smallest 
and most indifferent inquiry must be dressed in a 
phylogenetic costume, and whilst in former centuries 
authors professed to read in every natural detail 
some intention of the creator mundi, modern scientists 
have the aspiration to pick out from every occasional 
observation a fragment of the ancestral history of 
the living world’’’. Again’, “Embryology and 
morphology cannot proceed independently of all 
reference to the general laws of matter,—to the laws 
of physics and of mechanics. ‘This proposition would, 
perhaps, seem indisputable to every natural phil- 
osopher; but in morphological schools, there are 
very few who are disposed to adopt it with all its 
consequences’. 

To his contemporaries His was known not only for 
his mechanical interpretation of certain facts of 
development, but also for his support of the theory 
of conerescence ; in his own words’, ‘“The body of 
an osseous or an elasmobranch fish arises by the 
coalescence of two halves previously formed at the 
periphery of the germinal disk’. But it escaped 
the notice of his contemporaries, as it has of pos- 
terity, that in the course of work on such embryos 
he had established, by measurements of areas of 
serial sections, that the volume of the germ of a 
salmon, for example, is practically the same as the 
volume of the fully formed embryo together with 
the yolk-membrane. ‘“The embryo has been formed 
from the segmented germ without any increase in 
volume, only by displacement of its masses’’*. 

It was, perhaps, in his views on the importance of 
measurement for the understanding of morphogenetic 
processes that His displayed the greatest originality ; 
and it should not be forgotten that we owe to him 
the procedure of serial reconstruction. ““The ways of 
determining the forms and volumes of germs and 
embryos are somewhat longer and more tiresome 
than the simple inspection of stained sections ; but 
the general scientific methods of measuring, of 
weighing, or of determining volumes cannot be 
neglected in embryological work, if it is to have a 
solid foundation of facts, for morphologists have not 
the’ privilege of walking in easier or more direct 
paths than workers in other branches of natural 
science’, 
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For such views he was condemned ; and as a result 
of that condemnation he was not read with attention 
by many of his contemporaries, and he is still not 
read by some of those who cite him. I have assemb!ed 
here a few examples of conspicuously imperfect 
acquaintance with his views, and of the reactions of 
later generations to some of his ideas, associating 
them in each case with the actual content of his 
publications. 

Morgan® re-examined the formation of the teleost 
embryo. His bibliography includes three works of 
His*-* ; but rather surprisingly he does not include 
the papers on the development of bony fishes*»*, con- 
tenting himself with His’s summary re-statement of 
18918. In his paper of 1895, Morgan presents the 
results of measurements of cell-areas in the extra- 
embryonic blastoderm, made in order to determine 
whether the increase in area of individual cells could 
account for the increase in area of the extra- 
embryonic region. He had been anticipated in this 
type of approach by His‘, who already in 1878 had 
published measurements of area and volume of 
individual cells of the salmon germ at four stages of 
development ; he had also measured thicknesses and 
calculated the volume of the germinal disk and of its 
various regions. Morgan sought evidence that the 
embryo becomes longer because it becomes narrower! : 
“If it could be shown that the amount of material 
present in the embryo [that is, initially present] is 
equal to the material of the fully formed embryo, 
there would remain no doubt that the elongation of 
the embryo was due to axial concentration”. But 
His had shown in 1878 that between a length of 
1-45 mm. and 4:3 mm. the volume of the embryo 
had increased from 0-279 mm.* to 0-427 mm.?, so 
that the increase in length could not be accounted 
for by axial concentration alone. Furthermore, His 
was aware of the point made by Morgan, that axial 
concentration may contribute to the elongation of 
the embryo backwards, for he gives in that same 
paper‘ measurements showing that the head elongates 
somewhat while narrowing—though in his paper of 
18918, in emphasizing the appositional character of 
growth in length, he asserted the constancy of head- 
length. I do not quote His’s views and figures 
believing them to be correct, but only to show his 
out-of-century approach, and the fact that someone 
of Morgan’s stature, working in the same field, could 
afford to ignore those of his publications which one 
would have supposed most relevant. 

Vandebroek, in his definitive memoir on morpho- 
genetic movements in the embryogenesis of Scyllium", 
twice mentions His: first, as the originator of the 
theory of concrescence—which strictly speaking, as 
Morgan pointed out, he was not; the credit for the 
initial idea must go to Lereboullet. The reference 
given is to a one-page communication" to the Leipzig 
Natural Science Society, not to the definitive pub- 
lication on shark development’. Secondly, reference 
is made to a statement by His!* that the segmentation 
cavity and the archenteron are one and the same 
thing ; there is no such statement in the paper cited. 
Vandebroek was presumably unaware that the pattern 
of surface-movement he had revealed by Vogt’s 
method—though not the deeper gastrulation move- 
ment, of which His was ignorant—bears a striking 
resemblance to the pattern of postulated surface- 
forces illustrated by His* (Fig. 1 of that paper) and 
discussed at length in his paper of 18941%. (See in 
particular Vandebroek’s Fig. 32.) Although the theory 
of concrescence as formulated by His rested on an 





1164 


inadequate analysis of the kinematics of fish-develop- 
ment, it contained a flash of insight from which later 
views profited. Since Vandebroek’s analysis it is 
evident that, although not in the manner envisaged 
by His, a great part of the material of the embryo 
has at some time formed part of the margin of the 
germinal disk ; and imperfect though the formulation 
was, the conception of His helped to prepare the way 
for the view of development as a translocation of cells. 

In that wonderfully organized book", ‘‘Principles 
of Development”’, Weiss refers to His; once, as the 
originator of a term ‘organ-forming areas’*— fore- 
runner of ‘presumptive areas’; and again, for the 
fact that among authors who were “exclusive in the 
choice of agents they believed to be involved”’ in 
nerve development, His ‘‘favored a mechanical inter- 
pretation”. Such a judgment is somewhat harsh and 
leaves the reader with no hint of the balance which 
His displayed, nor of the extent to which he antici- 
pated certain of Weiss’s own views. ‘““The sensory 
process of a sensory nerve fiber’’, wrote Weiss" “ 
grows more or less perpendicularly into the dorsal 
portion of the spinal cord; there it splits into two 
branches which take a lengthwise course... 
Although there is no direct proof of it, the assump- 
tion is obvious that both the bifurcation and the 
defiection of these fibers is the result of one and the 
same condition, namely, the fact that at their en- 
trance into the cord they strike upon the longitudinal 
structure of the dorsal columns of the spinal cord 
. . . branching may be considered as a_ peculiar 
by-product of the deflection of fibers obtaining under 
certain conditions’. 

“The longitudinal deflection of the sensory roots 
at the surface of the spinal cord and brain’’, wrote 
His", “‘can be referred to the fact that fibres reaching 
this position are unable to continue their advance in 
the same direction. In the interior of the cord, the 
spongiosa forms a system of passages which determine 
the manner of distribution of the intramedullary 
fibres. . . . Branching itself may be interpreted as a 
consequence of continued growth of the individual 
processes against a resistance’. Weiss makes amends, 
however, in a recent review!* where he refers to his 
own ideas on ‘contact-guidance’ as “‘but a modi- 
fication and more detailed version of such concepts 
of nerve orientation as have been proposed by His” 
and others. 

The nature of His’s ‘mechanistic’ outlook is clearly 
conveyed by the following passage'*>: “If the course 
of the developing nervous paths is determined now 
by trabeculae of the spongiosa, now by cartilage or 
blood-vessels, it may at first sight appear question- 
able that such chance occurrences should intervene 
in the development of a system which controls our 
entire life—body and soul. The problem takes on 
another aspect, however, when we realize that this is 
a developmental process, the course of which is pre- 
determined in the act of generation. The totality of 
partial processes must interact with each other in a 
strictly ordered manner, once the process is initiated ; 
for—-in Leibniz’s beautiful phrase—the harmony of 
organic development is a ‘pre-established harmony’ ’’. 

Pasteels, in his revolutionary review of gastrulation 
in the chordates'’, gives as the first source relating 
to His’s conception of concrescence his monograph 
on oogenesis and egg-structure in bony fishes’® in 
which there is no reference to concrescence. Like 
Vandebroek, he overlooks the significance of His’s 
interpretation of folding in terms of surface 
movements. 
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As a last instance of injustice, though from a 
generous critic, Holtfreter, in the first of his papers 
on the mechanics of gastrulation!®, wrote: ‘“‘W. His 
(1874) in his pioneer work on the causative factors 
of morphogenesis envisaged foldings, invaginations 
and epibolic expansions as growth phenomena, pic. 
turing them as a result of increased cell multiplication 
of certain predetermined areas, and an interplay of 
mechanical forces between the regions of differentia] 
growth. . . . Actually, cell divisions in amphibian 
eggs up to the neurula stage simply reduce the cell 
size but lead to no increase of the egg substance”, 
This comment is repeated in Townes and Holt. 
freter®®. 

Unfortunately for His, it has escaped the notice of 
many of his later critics that already in 1878 he had 
changed his position from that maintained in the 
monograph on chick-development?! and in _ the 
“Letters to a Scientific Friend: Our Bodily Shape 
and the Physiological Problem of its Origin’’*. As a 
result of further studies on chick- and teleost-develop. 
ment, he had reached the conclusion that it is neces. 
sary to distinguish, “‘much more sharply than [ and 
other investigators have done hitherto, between 
surface-growth and mass-growth. . . . The thinnest 
regions are those of most rapid surface-growth’'‘. He 
continues: ‘As my last work has confirmed for the 
chick-embryo*? also, a  surface-expansion occurs 
independently of mass-growth . . . and it will be for 
the future to determine how far the one or the other 
determines the shapes generated”. He then proceeds 
to consider the possible influence of cell division as a 
contributory factor in surface growth: ‘In the mere 
parcelling-out of a mass of material there is no reason 
for the shape of the mass to change ; it is necessary 
to make a subsidiary hypothesis: that cleavage 
always proceeds in the same direction, so that the 
fragments of all the elements belonging to a layer 
come to lie beside one another. In this way, surface. 
increase without mass-increase is certainly possible. 
. . . We may grant the possibility of this explana- 
tion, leaving on one side for the moment the question: 
why this surface division occurs, and ignoring the 
fact that in the course of development the cells show 
other than spherical shapes—at times radially 
extended, at times flattened ; but when we face the 
fact that not only do the layers become thinner, but 
the number of superimposed cells in them diminishes 
over a certain period, this explanation becomes 
untenable .. .’’4 

Holtfreter supposes (and he is not alone in this) 
that His believed cell-division to be the driving force 
of his foldings ; but clearly by 1878 His held no such 
view. 

‘‘As things are at present, it is impossible to escape 
from the idea of active cell-participation in attempting 
to explain the moulding of the embryo ; but this is 
not to be thought of in terms of veritable mass- 
migrations, but rather as processes of a more local 
character. . . . The situation can best be accounted 
for, if one ascribes to the ce]ls a tendency to migrate 
to the surface in maximum possible extension. 
Where the layer is thick, underlying cells penetrate 
between the superficial cells and separate them 
because of this tendency ; where the layer is thin, 
however, the cells spread themselves out, so that 
they acquire the largest possible free surface’’*. How 
far this view of the importance of individual cell 
behaviour, and of surface-spreading, in morpho- 
genesis coincides with that of Holtfreter himself it is 
unnecessary to emphasize. 
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The most penetrating and just contemporary 
critic of His was Koux**, who showed experimentally 
that the rolling of the neural tube continues after its 
jsolation (by incisions) from the postulated thrust of 
the surrounding tissue. On this work of Roux’s His 
commented in 189413, and in the course of his com- 
mentary goes far beyond Roux’s recognition of the 
intrinsic capacity of the medullary plate to fold, 
anticipating Khumbler, Moore and Lewis: “Suppose 
we have a sheet of cells, the elements of which are as 
wide at their bases as they are at the free surface. 
If now, as a result of internal forces, the cells are all 
induced to become thicker at their bases and thinner 
at their free ends, the result will be that the sheet 
bends and folds together to form a hollow structure’’. 
His goes on to say that he personally favours the 
view that there is an interaction of external pressure 
and internal developmental processes—such as those 
responsible for the change in shape of the individual 
cells just described. 

It is a pleasure to be able to mention at least one 
modern critic who has done justice to His, namely, 
Oppenheimer**, though her comments are restricted 
to the contents of ‘‘Unsere K6érperform’’*. 

I have assembled these passages not merely in 
order to direct attention to what appears to me to be 
a singularly flagrant historical injustice, but also in 
the hope that some embryologist, and preferably 
some countryman of His’s, with full patience for his 
leisurely manner and antiquated anatomical and 
histological views and vocabulary, may be stimulated 
to examine his total output---which is not large— 
and to make a critical assessment of his work in the 
light of modern developments in embryology. I have 
the impression that between the study of induction, 
the mapping of presumptive areas and the analysis 
of prospective fates and cell-properties, something 
has been lost sight of to which His directed attention 
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in 1888: “The germinal layers are elastic plates 
under the influence of certain pressures .. .”*; 
mechanical properties cannot be indefinitely neglected. 

The quotation heading this note was used by His 
as motto for his own life-work summary", published 
in 1894, ten years before his death. It applies as 
well to his personal experience as it did to that of 
Goethe when, in his thirties, he sought to convince 
Camper of the presence of the intermaxillary bone in 
man as in apes. 
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IN PLANT ROOTS: A FACTOR 


IN THEIR TRANSLOCATION 
By Dr. S. H. CROWDY and Dr. D. RUDD JONES 


Imperial Chemical Industries, Ltd., Jealott’s Hill Research Station, Bracknell, Berks 


N an earlier paper!, data were presented on the 

movement of seven sulphonamides through broad 
bean plants which had been grown in water culture 
containing 100 ugm./ml. of a sulphonamide. There 
was appreciable accumulation of the sulphonamides 
in the roots, and this was specific for a particular 
compound. Once a compound had left the root 
system it was possible to postulate movement in the 
transpiration stream. To reach the vascular system 
of the plant, a compound must enter the root tissues 
and move across the living cells of the cortex. 

In the course of the translocation studies, the 
individual compounds were identified in tissue 
extracts on paper chromatograms, and it became 
apparent that there was a general relationship 
between the rate at which the compound moved in 
the plant and the Rr value on the chromatogram. 
This suggested a comparison between movement 
across the root and movement on filter paper, both 
of which may be attributed to a partition mechanism. 

In addition to the data already published’, 
comparable uptake and translocation studies have 


been made with four additional compounds: two of 
the sulphonamide type, 2-(p-aminobenzenesulphon- 
amido)-4 : 6-dimethylpyrimidine (‘Sulphamezathine’) 
and 4-acetamidobenzenesulphonamide, the N‘ acetyl 
derivative of sulphanilamide ; and p-aminobenzoic 
acid and sulphanilic acid, both of which can be 
determined with the same assay used for the sul- 
phonamides. 

The separation of these compounds on paper 
chromatograms has been followed using n-butanol— 
acetic acid—water, n-butanol-ammonia—water and 
chloroform—ethanol—ammonia—water solvent systems. 
The proportion of ethanol in the last system was 
varied to alter the amount of water in the mobile 
phase. Chromatograms were developed on Whatman 
No. 1 papers and spots were located by diazotization 
and coupling?. In all systems the organic solvent 
mixtures were the mobile phase ; there was no dis- 
tinctive separation of these compounds using a mobile 
aqueous phase on lipoid-treated papers or olive oil 
as a mobile lipoid phase. In an attempt to simulate 
conditions which might occur in the plant, the 
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Table 1. THE EFFECT OF VARIOUS SOLVENT SYSTEMS ON THE RATIO 
OF SHOOT ACCUMULATION RATE IN BROAD BEANS TO Rp VALUE FOR 
SULPHONAMIDE-TYPE COMPOUNDS 
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4-2-1-3) 
(4-4-1-3) 
Chloroform-éthanol-buffer solution (4-2-4) 

0-5 M KH,PO,/NaOH initial pH 7°8, final pH 7-0 


” ” ” ” 


volatile components acetic acid and ammonia were 
replaced by buffering papers and solvent systems at 
pH 7-8 with 0-5 M phosphate buffer. The final 
pH on the papers after development was pH 7-0, 
which is close to the determinations of pH made 
on expressed root sap with a glass electrode (pH 
6-3-6-8). 

In presenting the results of these experiments in 
Table 1, the model system visualized is essentially a 
partition chromatogram in which the transpiration 
water containing the compound under test and other 
compounds accumulated during passage across the 
root is continuously partitioned on a column made 
up of root tissue. It has been shown previously! that 
the early stages of treatment, before the tissues 
become saturated, are characterized by a constant 
relation between uptake and transpiration. During 
this period the amount of compound accumulated in 
the shoots is directly proportional to the amount of 
water transpired. Thus the shoot accumulation-rate 
is essentially a measure of the concentration of the 
treating compound in the transpiration stream. The 
concentration of the treating solution was the same 
in each case (100 ugm./ml.), so that the shoot-rate 
provides a measure of the partition in the root tissues. 
If comparable conditions for partition can be estab- 
lished on the paper chromatograms, the ratio of the 
shoot-rate to the Ry value will be constant for a 
number of compounds, and Table 1 illustrates an 
attempt to reproduce these conditions. In this table 
only the ratios have been included, but the Rp values 
can be calculated from the appropriate shoot-rates. 
High ratios indicate poor movement on the chromato- 
grams, and o0 no movement. 

Two main effects have been studied in the experi- 
ments illustrated—pH and lipoid solubility. The 
movement of a neutral compound reasonably soluble 
in both water and lipoids should be little affected by 
changes in conditions and should, therefore, give rise 
to a constant ratio in all the systems used. Further, 
if this constant can be applied to a number of com- 
pounds the figure should be generally applicable. 
The sulphone is a compound which fulfils the required 
conditions, and it seems that 40-45: 1 should be the 
ratio aimed at. Other compounds which might move 
as the sulphone would be the neutral N‘ acetyl 
sulphanilamide, sulphaguanidine and possibly sul- 
phanilamide which has a high pKa and will, there- 
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fore, be largely undissociated under the conditions 
studied. However, lipoid solubility is also a contro). 
ling factor, and sulphanilamide and its N* acety| 
derivative only move on chromatograms when there 
is an appreciable aqueous component in the mobile 
phase. Sulphaguanidine moves readily in systems 
with a high aqueous content in the mobile phase, 
but its mobility is reduced with water content and jt 
is possible to devise systems in which the mobility 
gives the characteristic ratio of the sulphone. The 
assumption is that with neutral compounds and 
compounds with a high pKa, movement is concerned 
mainly with the undissociated molecule. 

Table 1 contains a further group of compounds 
which are likely to be in the same state on the 
chromatogram as they are in plants. These are 
compounds with a low pKa value which are probably 
highly dissociated in both, namely, p-aminobenzoic 
acid, sulphanilic acid and possibly sulphacetamide. 
They travel more rapidly in the acetic acid system 
but give fairly constant ratios in the more alkaline 
systems, suggesting that in the plant it is the ion 
that is moving, and this may account for the poor 
mobility as indicated by the low shoot accumulation. 
rates. p-Aminobenzoic acid provides an anomalous 
case, and its translocation differs from the other 
compounds in that there is a very high uptake into 
the roots and a very low transfer to the shoot. 

The remaining four compounds, sulphadiazine, 
sulphathiazole, sulphapyridine and sulphamezathine, 
have pKa values which lie critically close to those on 
the papers and probably to those in the plant. Small 
discrepancies in pH might, therefore, be expected to 
make large differences int the proportion of undis. 
sociated molecules present in either system. On the 
chromatograms, as would be expected, they move 
more readily when undissociated under acid con- 
ditions. With a suitable buffer it has been possible 
to a great extent to correct the movement of sulpha- 
diazine. The binding of these compounds to proteins 
has been reported in certain animals*® and it seems 
likely that the ions are concerned in this binding. 
Binding of this type may also account for their 
abnormally low rate of movement in the plant. It 
has been possible to reduce the Rp values on papers 
sprayed with albumin, as is shown in Table 2; Be 
the retardation has not been sufficient to give 
satisfactory ratio. This is not surprising since the 
degree of binding will probably depend on the 
physical state of the protein and the pH of the 
system. Hydrogen bonds and van der Waals’ forces 
may also be involved and their effect will vary with 
the different compounds. 

Further evidence on protein binding was derived 
from differential extraction of roots of treated broad 
beans. A large proportion of the sulphathiazole, 
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Table 2. Ry VALUBS OF SULPHONAMIDE-TYPE COMPOUNDS IN AX 
n-BUTANOL—AMMONIA—-WATER (4-1-5) SOLVENT SYSTEM ON NORMAL 
AND PROTEIN-TREATED PAPERS 
(10 per cent solution of bovine plasma albumin, Fraction V ; 
Laboratories) 
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Rp values 
Protein- 
Normal treated 


Per cent 





4: 4’-Diaminodipheny] sulphone 
Sulphanilamide 

N*‘ acetyl sulphanilamide 
Sulphadiazine 
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ditions J sulphapyridine and sulphamezathine taken in by the 
ontro]. HF plant was retained in the roots and could not be 
acety| J} removed by prolonged washing of root macerates 
1 there # with water and chloroform. 
mobile It would thus appear to be possible to adjust the 
ystems #§ conditions on a chromatogram to show a constant 
hase: HF relationship between Ry and movement in the roots 
and it ff of broad beans. The required conditions, which have 
obility JF apparently been achieved for eight of the eleven 
The § compounds studied in the system shown in column 6 
s and § of Table 1, are a mobile lipoid solvent with a relatively 
cerned ff high water content and a pH of the order of 6-8--7-0. 
The same effect would be produced if the lipoid 
ounds J component was retained on the stationary phase or 
n the # moved more slowly than the aqueous component. 
© are § The conditions illustrated in the model system might 
bably § well exist in the plant since a stream of water passing 
enzoic | through the root tissue could accumulate substances 
mide, } such as lipoproteins which would confer a lipoid 
ystem § solubility on the mobile phase, and pH values of root 
kaline § sap are of the right order. ‘The retention of sulpha- 
.e ion § thiazole, sulphapyridine and sulphamezathine in the 
poor fF roots, which is thought to be due to protein binding, 
ation. § has not been reproduced adequately in the model ; 
1alous J this can perhaps only be done effectively by using 
other § protein material from the roots. 
> into 
azine, 
thine, 
se on 
Smal] 
ed to By |. DUNSFORD and S. M. STACEY 
— National Blood Transfusion Service, Sheffield 
e . 
pe N the blood of adults and children over the age of 
sible | 4 Six months the serum always contains the agglu- 
pha. fg tinin, or agglutinins, corresponding to whichever of 
teins the A or B antigens is lacking from the red cells. 
sems fy his was originally enunciated by Landsteiner', and 
ding, Many extensive series of tests have been made with- 
their @ Ut the discovery of exceptions. Apparent exceptions 
it @ ‘© this rule are very rare, and on thorough investi- 
pers fg 8ation are usueliy shown to have feeble antibodies 
but demonstrable only at low temperatures*. Recently, 
oe. a sample of bloc d from a Japanese male, Mr. K., was 
the f investigated which at first appeared to be a true 
the @ Violation of Landsteiner’s Law, but subsequent 
the | investigations show it to be possibly a rare variety 
roes g Of the human blood group B. 
with Serological studies : 





(1) Routine ABO grouping by a tube technique’. 
Anti-A Anti-B Group O (anti-AB) 
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Mr. K’s cells 
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Mr. K’s serum 


(2) The cells remained unagglutinated by eight 
selected high-titre anti-B (group A) sera at 4°, 18° 
and 37° C. 

(3) The cells were’ not agglutinated by selected 
high-titre rabbit immune anti-A and anti-B sera. 

(4) The cells were not agglutinated by ten selected 
high-titre group O (anti-AB) sera at 4°, 18° and 37° 
C., in saline, albumin or anti-human globulin tech- 
niques. 

(5) The serum gave no reaction with a series of 
fresh group B cells suspended in saline at 4° C. 

(6) There was no evidence of incomplete anti-B in 
the serum, demonstrable by the anti-globulin test or 
by albumin. 
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The evidence here presented indicates that most, 
if not all, of the movement of these compounds 
through root tissue may be attributed to physical 
rather than to specific biological processes. Further 
evidence supporting this conclusion is provided by 
the observation that the rate of accumulation of 
griseofulvin in the shoot is unaffected by 2,4-dinitro- 
phenol and sodium azide*, and the accumulation of 
sulphanilamide in the shoot is also unaffected by 
sodium azide!. Hylm6? claims that the movement of 
calcium and chloride ions associated with transpira- 
tion is unaffected by low temperature, which points 
to the same conclusion. 

Partition will probably play a major part in a 
physical system of this type and the data presented 
above suggest a way of assessing its influence. 

We are grateful to Mrs. A. Borrow and’ Mr. B. 
Langford for technical assistance. 


1 Crowdy, 8S. H., and Rudd Jones, D., J. Exp. Bot., (7, 335 (1956) ]. 

* Rudd Jones, D., and Wignall, Jenifer, Nature, 175, 207 (1955). 

* Bell, P. H., and Roblin, R. D., J. Amer. Chem. Soc., 64, 2905 (1942). 

‘ Fisher, S. H., Troast, L., Waterhouse, Alice, and Shannon, J. A., 

Pharm. and Exp. Therap., 79, 373 (1943). 

‘ Gilligan, D. R., J. Pharm. and Exp. Therap., 79, 320 (1943). 

* Crowdy, 8. H., Grove, J. F., Hemming, H. G., and Robinson, K. C., 
J. Exp. Bot., 7, 42 (1956). 

* Hylmé, B., Plant Physiol., 6, 333 (1953). 
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AND 


As we had previously found a group A person 
completely lacking in anti-B agglutinins and who 
was shown to be suffering from agammaglobulinemia, 
an anti-globulin inhibition test was carried out on 
Mr. K’s serum. The gamma globulin concentration‘ 
in his serum was normal, or slightly above normal. 
Having excluded agammaglobulinemia, we now felt 
that this was possibly a true violation of Land- 
steiner’s Law and that Mr. K’s blood was thus O«—. 

(7) Based on some observations made on the 
human blood group chimera*®, which will form the 
subject of a separate communication*, we then 
examined the ability of the person’s serum to inhibit 
anti-A (group B) and anti-B (group A) sera. Theresults 
obtained are given in Table 1. This demonstrates the 
presence of B substance in Mr. K’s serum. 

(8) The amount of B substance present in the 
serum was compared with the sera from nine group 
B donors. This was estimated by mixing serial 
dilutions of each serum with a standard (1/10) 
dilution of anti-B (group A) serum, leaving the 
mixture at 20° C. for 1 hr. and then adding 1 volume 
of a 2 per cent suspension of B cells in saline. The 
results (Table 2) show that B substance was present 
in the serum in moderate amounts as compared with 
the nine group B donor sera. 


























Table 1 
Anti-A 852 Anti-B 869 
1/20 1/30 1/40 1/20 1/30 1/40 
Mr. K. V V V = me a 
Saline control V V ++ ++ ++ ++ 
A, cells B cells 
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Saline control—anti-B 1/10 + an equal volume 2 per cent B red 
cells in saline: ++. 


(9) Mr. K’s serum gave no reactions at 4°, 18° or 
37° C. with known A, cells’, suggesting that the 
serum was not from a group O person. 

By the time the investigations reported here were 
complete, Wiener and Gordon’s report® was just 
published of a blood, the red cells of which grouped 
as O—8, yet the saliva of this person contained A 
substance. They claim this as a further sub-group of 
A and propose the name A,, because of serological 
similarities between the blood they describe and the 
bloods of certain monkeys*®. No claim is made that 
the blood reported here is a new sub-group of B, 
although indeed it may be. This part of the investi- 
gation awaits specimens (blood and saliva) from the 
relatives of the propositus. 

Other possibilities that have to be considered are 
that this blood is a further example of the type 
described by Levine e¢ al.!° which was phenotypically 
O, but was proved to be of genotype BO, but the 
gene B was suppressed. However, while further 
investigation is necessary, one major difference 
between the blood described by Levine et al. and the 
blood here reported is that the former contained 
anti-H, whereas the blood we have examined did not 
possess such an antibody. Unfortunately, we did not 
test Mr. K’s cells with anti-H. 

An alternative possibility is that this blood is a 
defective B type in which the alcohol-soluble form of 
the antigen is lacking while the water-soluble form 
has developed normally. The defect may conceivably 
have resulted from the absence of normal comple- 
mentary genes for the development of the alcohol- 
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soluble antigen system, or from the influence of a 
modifying gene upon the alcohol-soluble system, 
This was suggested by Gammelgaard" to describe a 
blood A,, which had little or no evidence of the 4 
antigen in the red cells and yet the saliva was rich ip 
A substance. Indeed, Gammelgaard’s A; and Wiener’s 
Am may be identical, and the latter may not be 
new form of blood group A as claimed by Wiener, 

The blood reported here is not an exception to 
Landsteiner’s Law, providing the presence of the 
antigens is not confined to the red cells. In further 
work on the human chimera which will be reported 
later*, we have observed that the chimera, although 
phenotypically O—A, possesses no anti-A agglutinins, 
but possesses A substances in her serum when not 
pregnant. However, when pregnant her serum 
possesses no A substances—even though she has A 
cells in her circulation—and at this time possesses an 
anti-A agglutinin. It would appear from the observa. 
tions made on the present blood and on that of the 
human chimera that the presence or absence of 
agglutinins in the serum is more dependent upon 
group-specific substances in the serum than on the 
group-specific substances in the red cells. 

It is hoped to carry out further studies on this 
blood and on that of members of this person’s family, 
and to give a fuller report elsewhere. 

We wish to thank Dr. A. E. Mourant, of the 
Medical Research Council Blood Group Reference 
Laboratory, London, for his suggestions. 

Note added in proof. Since submitting this report 
for publication, members of Mr. K’s family have been 
tested and his father and one sister have the identical 
variety of blood group B. 

* Landsteiner, K., Wien. Klin. Woch., 14, 1132 (1901). 

* Dunsford, I., Vox Sanguinis, 3, 3 (1953). 

* Dunsford, I., and Bowley, C. C., ““Techniques in Blood Grouping” 
(Oliver and Boyd, 1955). 

* Wiener, A. S., Amer. J. Clin. Path., 25, 495 (1955). 

5 Dunsford, I., a al., Brit. Med. J., ii, 81 (1953). 

* Dunsford, I., and Stacey, 8S. M., to be presented at VIth Congress 
International Society of Blood Transfusion, Boston, U.S.A., 1956 

? Dunsford, I., and Aspinall, P., Ann. Eugenics, 17, 30 (1952). 

* Wiener, A. 8., and Gordon, E. B., Brit. J. Haemat., 11, 305 (1956)- 

* Wiener, A. S., et al., J. Immunol., 45, 229 (1942). 

© Levine, P., et at., Blood, 10, 1100 (1955). 


Om. Sjieldne Svage A~Receptorer Hos. M 
Nyt Nordisk Forlag. Arnold Busk, 100-105 (1048)- 
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‘LIVING’ POLYMERS 


By Pror. M. SZWARC 
Chemistry Department, State University of New York, College of Forestry, Syracuse 10, New York 


OLYMERIC molecules are born in an initiation 
process, they grow by a propagation process, and 
finally they ‘die’ in a termination process. This 
death is regulated by the conditions prevailing in the 
polymerization process, and thus, the rate of death, 
the average molecular weight of the polymer 
formed, and its molecular weight distribution are 
all weil-determined functions of experimental 
conditions. 

An interesting situation arises when a polymeriza- 
tion process does not involve a termination step. The 
polymeric molecules then ‘live’ for an indefinite 
period of time, and such a system should be profitable 
in many investigations. A ‘living’ polymer does not 
grow indefinitely, nor does its molecular weight 
increase beyond certain limits. Any growth requires 


food, and the food for a growing polymer is the 
monomer. Consequently, if the supply of monomer 
is exhausted the growth is interrupted, although the 
living ends are potentially able to grow further if an 
additional amount of monomer is available. 

The exclusion of natural death does not mean 
immortality either. Reagents: may be visualized 
which convert a living end into an unreactive dead 
end. Treatment of living polymers with such reagents 
represents, therefore, a killing process. The difference 
between the normal termination process—described 
here as a natural death—and the killing process lies 
in the unavoidable character of the former reaction, 
whereas the latter takes place at the time chosen 
freely by the experimenter. The advantage of such 
a termination is obvious. 
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Recently we have succeeded in preparing in our 
laboratories living polymers by carrying out an 
anionic polymerization in a non-acidic solvent, such 
as, for example, tetrahydrofurane. The growing end 
of an anionic polymer is @ carbanion. If the poly- 
merization is proceeding in a solvent which is a proton 
donor, then the transfer of a proton from the acidic 
solvent to the carbanionic end of a growing polymer 
terminates the polymerization. Such a mechanism 
operates, for example, in polymerization initiated by 
sodium and carried out in liquid ammonia. However, 
this termination is impossible in tetrahydrofurane 
solution. 

In solvents which solvate poorly the ions formed, 
the termination may occur by returning an electron 
from a carbanion to the cation (say Na*). Such a 
reaction probably terminates the polymerization 
initiated by sodium in hydrocarbon solution. How- 
ever, tetrahydrofurane solvates the ions well, and 
therefore in this solvent the re-formation of neutral 
species is energetically unprofitable. Hence, this 
second termination mechanism does not operate in 
tetrahydrofurane either. 

One assumes finally that the anionic polymerization 
carried out in tetrahydrofurane solution does not 
involve any termination step, and in order to examine 
this assumption the following experiments were 
carried out with styrene as the monomer. The 
polymerization was initiated by the intensely green 
complex naphthalene anion, sodium cation. This 
initiating catalyst was discovered by Scott! and the 
mechanism of this initiation was elucidated recently 
in our laboratories* ; we showed that it involves an 
electron transfer process from the naphthalene anion 
to the monomer, for example, styrene. Consequently, 
negative monomer ions are formed which eventually 
dimerize into species such as: 


-CH—CH,—CH,—CH: 


| | 
Ph Ph 


and the latter grow by a carbanionic mechanism until 
the monomer supply is exhausted. Thus, living 
polymers of the following structure are formed : 


:CH.CH, CH,.CH: 


| 
Ph Ph 


ends of the living polymers are 
is essentially the colour of the 
Hence, the green colour of the 
catalyst solution (naphthalene anion) turns red 
instantaneously when introduced to the styrene 
solution. In absence of air or moisture the red colour 
persists for days, without any apparent change of 
intensity. However, when air or moisture comes in 
contact with the solution, the red colour disappears 
the living ends are killed ; for example: 


The —Ph.CH : 
bright red—this 
negative benzyl ions. 


Ph.CH:+-H,O ——~> Ph.CH,+OH- 
Hence, the observation of colour is the simplest 
manifestation of living polymers. 

At this juncture one may wonder whether an 
electron located on a carbanionic end of the polymer 
may be transferred to the naphthalene molecule. 
Such a process would be easily recognized. The 
ariionic ends deprived of an electron are transformed 
into radical ends. The latter undergo an irreversible 
dimerization process. Consequently, the final result 
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would be the change of the colour from red to green, 
and an increase in the viscosity of the solution result- 
ing from polymerization of polymers. Neither of 
these effects was observed, showing that the proposed 
electron transfer is too slow to be seen. This 
result reflects, of course, the much higher electron 
affinity of benzyl radical as compared with, say, 
naphthalene. 

Now, if additional amounts of styrene and of tetra- 
hydrofurane are added to the red solution of a living 
polymer, further polymerization ensues. If the ratio 
of styrene to solvent is chosen to be identical to that 
in the first batch, then the concentration of polystyrene 
formed remains unaltered by the second polymeriza- 
tion. Nevertheless, the viscosity of the solution 
increases enormously. This increase in viscosity, 
coupled with the fact that both portions of styrene 
are converted quantitatively into a polymer, proves 
that the second batch of monomer polymerized on 
the living ends of the previously prepared polymer. 

This experiment suggests an interesting and novel 
method for the preparation of block polymers. 
After completion of the first polymerization process, 
a second monomer is added to the still living polymers 
formed from the first monomer. Thus, block polymers 
of the type AA...A.B.B...B.A.A...A are produced. 
For example, polymerization was initiated in styrene 
solution. When the reaction was ended, isoprene 
was added and further polymerization ensued. After 
killing with water, a polymer was obtained which was 
shown to contain neither polystyrene nor polyiso- 
prene. Thus, the nature of the block polymer is 
established. 

It is interesting to compare the effect of two 
killing agents, namely, water and oxygen. If the 
viscosity of the red solution of living polymers is 
determined and then a drop of water is introduced, 
the colour will disappear but the viscosity of the 
solution remains unaltered. This killing process leads 
to a transfer of a proton from a water molecule to the 
carbanionic end of the living polymer, and such a 
process is not expected to change the molecular weight 
of the polymer. On the other hand, if oxygen 
is introduced into the red solution, the colour 
disappears again, but simultaneously with this 
effect the viscosity of the solution increases consider- 
ably. 

It is believed that oxygen represents the class of 
killing reagents which removes one electron from the 
carbanionic ends. The high electron affinity of the 
oxygen molecule favours this reaction : 


CH,.Ph.CH:4+.0,-—_—- —CH,.Ph.CH:-+0,- 


Consequently, the living énds are transformed into 
radicals, and the latter undergo dimerization. (It is 
possible that the dimerization process involves 
oxygen bridges due to the action of other oxygen 
molecules. This, however, does not change the essen- 
tial characteristic features of the phenomena described 
here.) Since our living polymers possess two living 
ends, the dimerization process leads to polymerization 
of polymers, and consequently, to a considerable 
increase in the viscosity of the solution. 

I hope that these brief comments will show how 
versatile is the chemistry of living polymers. <A 
detailed description of this work will be published 
later. 

* Scott, D., Wal J. F., and Hansley, L., J. Ame; 
Soc., “ss. 2442 1938). Scott, N. D., U.S. Patent’>, 181,771 71930)" 


* Szware, M., Levy, M., and Milkovich, R., J. Amer. Chem. Soc., 78> 
2656 (1958). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 


for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Optical Rotation of the «-Helix in 
Synthetic Polypeptides 


In a communication from this laboratory’, the 
belief has been put forward that the polypeptide 
chains in poly-t-alanine fibres form right-handed 
rather than left-handed helices; this view is based 
on the X-ray diffraction pattern. If it is correct, 
it is to be expected that the same sense of helix will 
be the stable form in other L-polypeptides. Now the 
contribution to the optical rotation of an «-poly- 
peptide from the helix alone is considerable ; accord- 
ing to Fitts and Kirkwood?, a right-handed helix of 
polyglycine should have a specific rotation of about 
+ 130°. In a later communication’ they have con- 
cluded from the change in specific rotation on 
destruction of the «-helix (in poly-y-benzyl-L-glutamate 
and in poly-L-glutamic acid) that in these polymers 
the helices are right-handed. 

The stability and sense of the a-helix can be 
examined by measuring the optical rotation of a 
series of polypeptides in which the proportion of 
D- to L-residues is varied. The addition of a proportion 
of p-residues, randomly arranged along a chain of 
L-residues in the «-helix form, will not affect the helix 
if this has a strongly preferred sense. The optical 
rotation of a predominantly L-polypeptide should 
therefore at first move towards higher positive values 
as the proportion of p-residues is increased, but must 
ultimately become zero when D- and L- residues are 
present in equal amounts. 

We have measured the optical rotation of a series 
of p:1-leucine polypeptides in benzene at a con- 
centration of 0-2 per cent (w/v). Films cast from 
these solutions showed the carbonyl infra-red absorp- 
tion band in the normal position for the «-form. 
Since many of these polymers form gels under these 
conditions (even at 60° C.), small amounts of m-cresol 
(minimum 1 per cent, v/v) were added, and the 
optical rotation in pure benzene was obtained by 
extrapolation to zero concentration of m-cresol. This 
procedure was justified by measurements made in 
pure benzene, when the solubility allowed this. The 
addition of m-cresol lowers the positive rotation of 
the mainly t-polypeptides. Even with mz-cresol 
present, it was found necessary to make measure- 
ments at 60°C. to avoid gel formation. It is con- 
venient to express the results in terms of the residue 
rotation [FR] 


[R] [a] 


100 
where F is the residue weight and [a] the specific 
rotation defined in the usual way. The results are 
shown in Fig. 1. 

The expected effect is strikingly apparent, and the 
increase in rotatory power continues to a lower excess 
of L over D values than might have been anticipated. 
The increase in rotatory power is not caused by 
increasing instability of the «-helix as the proportion 
of p-residues becomes greater (leading to the forma- 
tion of a random coil), because conditions which 
favour a random coil lower the positive rotation‘. 
The linear part of the graph is readily accounted for 
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Fig. 1. Residue rotation of poly-leucine plotted against fraction 
of L-residues in polymer. Concentration 0-2 per cent w/v in 
benzene at 60° C.; 4 = 5893 A 


if, over this range, all the polypeptide chains are 
right-handed, producing a positive rotation from the 
helix core, with the L- and p-side-chains giving 
respectively negative and positive contributions. The 
contribution from the helix core is given by the 
intercept on the y-axis, and corresponds to a residue 
rotation of + 138°. We may note that the correspond- 
ing value for poly-t-leucine in benzene calculated 
from Fitts and Kirkwood’s formula is 70°. 

Our experiments show clearly that, in solution, 
one sense of helix is significantly more stable than 
the other for a given enantiomorph. Together with 
Fitts and Kirkwood’s calculation that the form 
optical rotation is positive for a right-handed helix, 
the results confirm that L-polypeptides form right- 
handed helices. The possibility that the optical 
rotation of an x-polypeptide can be treated as the 
sum of contributions from the helix core and the 
asymmetric centres is interesting, and may have 
applications in the case of proteins such as silks, 

A. ELLIoTr 
W. E. Hansy 
B. R. Matcotm 
Research Laboratory, 
Courtaulds, Ltd., 
Lower Cookham Road, 
Maidenhead, Berks. 
Sept 3. 
Elliott, A., and Malcolm, B. R., Nature [178, 912 (1956) ]. 
“a, ae and Kirkwood, J. G., Proc. U.S. Nat. Acad. Sci., 42, 
bd —_, 55. D., and Kirkwood, J. G., J. Amer. Chem. Soc., 78, 2650 
* Doty, P., Holtzer, A. M., Bradbury, J. H., — Blout, E. R., 
Amer. Chem. aos 76, "4493 (1954). Doty, P Bradbury, J. he 


and Holtzer, M., ibid., 78, 947 (1956). Doty, P., and Yang, 
J. T., tbid., * 498 (1956). 


Blood-Group Antigens on Human 
Epidermal Cells 


RECENTLY, Coombs, Bedford and_ Rouillard! 
reported that the A and B blood-group antigens 
are present on human epidermal cells. A series of 
skin samples has now been examined for blood- 
group antigens other than A and B by the method 
of mixed erythrocyte-epidermal cell agglutination 
described by these authors. 

Suspensions of isolated epidermal cells were 
prepared by treating small fragments of stored, thin 
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Table 1. SERA AND NUMBERS OF SKIN SAMPLES TESTED 


No. 4543 


























Blood Titre of No. of skin 
group Sera (heat inactivated) | sera against samples 
system red cells tested 
rT anti-D (Pe) 128-256 8 
| anti-D (Ba) 320 
| Rh anti-D (Wo) 2,000 1 
anti-C (Mi) 32-64 5 
anti-c (Ha) 256 5 
anti-E (Du) 128-256 2 
~ | anti-M (Sh 1,325 human) | 64-128 1 
anti-M (184 rabbit) 256 1 
MN anti-M (195 rabbit) 256 4 
anti-N (203 rabbit) 4-8 1 
anti-N (205 rabbit) 32 7 
Lewis _| anti-Les (Sh 969) N 1 
anti-Le> (Ba) 2 2 
j Lutheran anti-Lub (Ro) 4-8 3 
P anti-P (Fl. human) 8-16 2 
| anti-Tjs (Pa) | 32 3 


split skin with crude trypsin’. The irregular shapes 
of the cells in these suspensions make direct agglut- 
ination tests unsuitable, and sufficiently large quant- 
ities of cells are not easily obtained for absorption 
tests. 

In the tests, the cell suspensions were exposed to 
an equal volume of a specific grouping serum; the 
antigen corresponding to this serum was known to 
be on the skin donor’s red cells. After washing to 
remove uncombined antibody, the epidermal cells 
were mixed with a 0-5 per cent suspension of red cells 
possessing the appropriate antigen, and the mixture 
was centrifuged gently to bring the cells into contact. 
In this way it was possible to detect the A antigen 
on epidermal cells, because anti-A formed a specific 
link between epidermal cells from group A donors 
and A red cells. No link was formed with B or O 
red cells. The agglutination is dependent on the 
theory that antibody molecules are bi- or multi- 
valent, that is, that they have at least two receptors 
capable of combining with the antigen; in this 
instance, the antibody receptors combine with an 
antigen on an epidermal cell and another on a red 
cell. But, using Rh, MN, Lewis, Lutheran and P 
antisera and a number of skin samples, as shown in 
Table 1, it was not possible to demonstrate the pres- 
ence of the corresponding antigens by means of mixed 
agglutination. 

[t should be mentioned that all the skin samples 
had been exposed to 0-5 per cent crude trypsin solu- 
tion for one hour, since certain brands of trypsin 
are reported to be capable of destroying the M and 
N antigens on red cells*. Also, some of the sera 
available, especially .anti-Le® and anti-Le>, were very 
weak, 

Epidermal cell antigens are thought to be concerned 
in the immunological response to skin homografts ; 
but the evidence suggests that the blood-group anti- 
gens may be of little or no importance, since in 
rabbits, previous injection with red cells failed to 
affect the response to skin grafts‘. The inability to 
detect blood-group antigens, other than A and B, on 
human epidermal cells strongly suggests that even 
if surface antigens are involved in the homograft 
reaction in man, then iso-antigens, other than those 
common to red blood cells, must be responsible. The 
recent work of Billingham, Brent and Medawar‘ points 
to nuclear substances as the source of the antigenic 
stimulus. 

We wish to thank Drs. I. Dunsford, P. L. Mollison, 
A. E. Mourant, R. R. Race and C. B. V. Walker for 
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the grouping sera used in this work. Also, we would 
like to record our appreciation to Sister M. J. Davies 
and the staff of the Ear, Nose and Throat Theatre, 
Addenbrooke’s Hospital, Cambridge, for their most 
helpful co-operation at all times. 

The work was aided by a grant from the Nuffield 
Foundation and the Agricultural Research Council. 
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Some Nitrogen-containing Disaccharides 
isolated from Human Blood-Group A 
Substance 


In an attempt to learn more of the detailed chemical 
structure of human blood-group substances and of the 
relationship of structure to serological specificity, the 
products of partial acid hydrolysis of these important 
biological materials are being examined. Preliminary 
observations on the isolation of five nitrogen-contain- 
ing disaccharides from group A substance are reported 
here. 

Human blood-group A substance (15 gm. nitrogen 
5-4 per cent, fucose 20 per cent, hexosamine 35 per 
cent, electrophoretically homogeneous at pH 8) was 
prepared from ovarian cyst fluid (No. 203)1. The 
material was divided and heated as 1 per cent w/v 
solution at 100° in (a) 0-1 .N hydrochloric acid for 
3 hr. and (b) N hydrochloric acid for 30 min. The 
acid was removed by treatment with ‘Deacidite EZ’, 
the solution concentrated and passed through a char- 
coal - ‘Celite’ (1:1) column using water and water— 
ethanol mixtures as eluants. The individual fractions 
were examined by paper chromatography and the 
substances present distinguished by Rr values and 
colour reactions with various spray reagents. The 
fractions containing disaccharides with closely similar 
properties were combined and passed through cellulose 
columns using amyl] alcohol/dioxan/water (15: 3: 2) 
as eluant. Homogeneity of the effluent was 
checked by paper chromatography using mainly 
butanol/pyridine/water (3:1:1) as solvent. The 
individual sugars of the disaccharide units were 
identified by chromatography after hydrolysis with 
acid. 

Of the disaccharides liberated by the partial 
hydrolysis of A substance, the following nitrogen- 
containing materials have been recovered and in two 
instances completely identified with substances of 
known structure. The structure of the remaining 
three disaccharides is not yet fully established. 

Disaccharide (1) was identical with the O-8-p- 
galactopyranosy] - (1-»3) - N - acetyl - D - glucosamine 
(lacto-N-biose I) isolated from the ‘Bifidus factor’ of 
human milk?. Disaccharide (2) was identified with 
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O -8 -p- galactopyranosyl-(1-—>4) - N - acetyl -p - glucos- 
amine which had been obtained from meconium® and 
from hog gastric mucin‘. Disaccharide (3) was com- 
posed of glucosamine and galactose and contained 
the latter sugar as a reducing end-unit. The chromato- 
graphic behaviour and general properties of (3) 
indicated that it was most probably idengical with 
‘lacto-N-biose IT’ isolated from a tetrasaccharide unit 
in the oligosaccharide mixture of human milk and was 
therefore O-8-N-acetyl-p-glucosaminoyl-(1 —3)-p-gal- 
actose®. Disaccharide (4) possessed a high dextro- 
rotation, about [«]p + 150°, and contained galactos- 
amine and galactose. After reduction with potassium 
borohydride and hydrolysis, compound (4) gave 
galactosamine and dulcitol. Disaccharide (5) con- 
tained fucose and glucosamine and was found to be 
readily split into its component sugars on heating 
in N acetic acid at 100°. 

Under the mild conditions recommended by 
Wallenfels, alkaline triphenyltetrazolium chloride 
reagent® is rapidly reduced by disaccharides (3) and 
(4), a reactivity which indicates the absence of a 
substituent from the secondary hydroxyl group 
adjacent to the reducing group in each material’. 

On treatment with dilute alkali, disaccharides (1), 
(3) and (4) gave some free N-acetyl amino-sugar and 
the corresponding free chromogen*, whereas (2) re- 
mained apparently unchanged ; and disaccharide (5) 
and §8-p-galactosyl-(1—6) - N-acetyl -p -glucosamine® 
formed chromogens without being decomposed into 
their component sugars. 

When tested under similar conditions with benz- 
idine—trichloroacetic acid reagent, the disaccharides 
developed different colours. Substances (1), (3) and 
(4) produced a very dark brown colour, disaccharide 
(2) gave a golden-yellow spot, while substance 
(5) and §8-p-galactosyl-(1—6)-N-acetylglucosamine”” 
yielded a brownish-red spot. 

The chromatographic behaviour and certain general 
properties of disaccharide (4), therefore, point to it 
being O-a- N-acetyl -p -galactosaminoy] - (1 ->3) - gal- 
actose, and disaccharide (5) as most probably being 
L-fucosyl-(1 +6)-N-acetyl-p-glucosamine. 

Evidence that N-acetylgalactosamine plays a 
definite part in the chemical structure responsible 
for A specificity was obtained when it was shown!! 
that the agglutination of group A cells by extracts 
of Vicia cracca seeds and lima beans was inhibited 
by that acetylated amino-sugar and even more 
strongly by «-methyl-N-acetylgalactosaminide (un- 
published observation by Dr. W. M. Watkins). 
Kabat and Leskowitz!*, using a quantitative pre- 
cipitation technique, likewise demonstrated that 
N-acetylgalactosamine partially inhibited the pre- 
cipitation of A substance by human anti-A serum. 
It was also shown that an enzyme obtained from 
Trichomonas foetus which destroyed A substance was 
specifically inhibited by N-acetylgalactosamine and 
its methyl glycoside’. 

The examination of certain of the materials 
described above in agglutination inhibition tests using 
human anti-A serum or lima bean extract has shown 
that disaccharide (4) is considerably more active than 
is N-acetylgalactosamine or its methyl glycoside when 
tested under similar conditions. It seems probable, 
therefore, that O-x-N-acetyl-D-galactosaminoyl-(1—>3)- 
galactose is a structure more closely associated with 
A specificity than any that has been identified so 
far. 

We wish to thank Prof. R. Kuhn for specimens of 
lacto-N-biose I and galactosyl-(1—6)-N-acetylglucos- 
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amine, and Prof. P. Gyérgy for a preparation of 

8-D-galactopyranosyl-(1 -»4)-N-acetylglucosamine. 
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Extraction of Thyrotrophic Hormone 
from Human Pituitaries 


So far as we are aware, thyrotrophic hormone has 
not been extracted from human pituitaries although 
pituitary tissue has been assayed for thyrotrophic 
hormone activity’. The amount of adrenocortico- 
trophic hormone stored in human pituitaries has been 
reported previously? and in this communication we 
present our findings with thyrotrophic hormone. 

A total of twelve adult human pit:itaries, divided 
into three batches of 3, 4 and 5 glands (see Table | 
for salient autopsy features), were extracted and 
assayed for thyrotrophic hormone activity. The 
pituitaries, none of which was from a case of a 
primary endocrine disorder, were stored whole in 
deep freeze until sufficient material had been collected. 

The glands were cut into small pieces and triturated 
in @ mortar for 10 min. with 0-9 per cent sodium 
chloride solution pre-chilled to 0°C. and a little 
coarse acid-washed sand until a fine pasty suspension 
resulted (10 ml. saline solution to 1-0 gm. wet weight 
of gland tissue). The suspension was centrifuged at 
3,000 r.p.m. for 15 min. at 0°C. A second 0-9 per 
cent saline extraction of the residue was made and 
the two extracts combined. The pH was adjusted 
to 4-0 by addition of N hydrochloric acid and the 
slight precipitate was collected by centrifuging. This 
precipitate showed no thyrotrophic hormone activity 
and was discarded. Acetone pre-chilled to — 15°C. 
was added slowly to the supernatant solution to a 
final concentration of 75 per cent (v/v). After the 
mixture had stood for 1 hr. in the cold, it was centri- 
fuged and the precipitated material washed with 
acetone and ether and dried in vacuo over phosphorus 
pentoxide. 

The extracts were tested by the thyroid histology 
method of Junkmann and Schoeller* as modified by 
Heyl and Laqueur*. One Heyl—Laqueur unit of 
thyrotrophic activity is defined as the daily amount 
required to produce a definite histological change in 
the thyroid in 67 per cent of immature guinea pigs 
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Table 1. SUMMARY OF CASES USED FOR THYROTROPHIC HORMONE EXTRACTION 


No. 4543 








No. of Sex Age 
glands (years) 


Time of autopsy 


Autopsy diagnosis 
after death (hr.) 








4 18 Chronic glomerulo-nephritis: cystitis: uremia 3 
60 Mitral stenosis ; auricular fibrillation : auricular thrombus formation : 
embolism 24 
49 Mitral stenosis (operation — valvotomy): embolism: pericarditis 6 
74 Silicosis: broncho-pneumonia: cor pulmonale : tuberculous pericarditis 
and lymphadenitis 
Megaloblastic anemia: primary benign hypertension: gall-stones : 
empyema of gall-bladder 
Bilateral renal calculi: bilateral pyonephrosis: uremia 
Prolapsed disk: diffuse hepatic fibrosis: chronic pyelonephritis 
Carcinoma bronchus : metastases in liver, lymph nodes, brain: purpura 
(hemorrhage from stomach) 
Lobar pneumonia 
Carcinoma colon : metastases in lymph nodes and liver: obstructive 
jaundice 
Mitral stenosis: mural thrombus (left ventricle): embolism 
Ulceration of rectum (perforation): acute generalized peritonitis 


























Table 2. 


THYROTROPHIC HORMONE CONTENT OF HUMAN PITUITARIES 














| 
Weight of dry 
Total weight powder extrac 
| (mgm.) (mgm.) 


Batch No. | No. of glands 
| 


4 2,614 | 205 
2°075 | 110 
5 2'814 81 
i 


Heyl-Laqueur 


Total TSH in batch 
(Heyl-Laqueur 


Average 
Heyl—Laqueur units per gland | 
units approx.) (approx.) 
0-25-05 51-25-1025 13-26 
0-5 55 18 


1-0 81 16 


»/mngm. 
(approx.) 











(120-150 gm.) after 72 hr. (1 Heyl-Laqueur unit is 
equivalent to 1 Junkmann-Schoeller unit and is 
approximately equal to 0-1 1.Uu. thyrotrophic hor- 
mone). The intraperitoneal injection is divided into 
two equal daily doses on the first two days. 

The results are presented in Table 2. 

[t would appear that the ‘average’ adult pituitary 
stores approximately 18 Heyl—Laqueur units of thyro- 
trophic hormone (about 2 I.vU.) or about half the 
amount excreted in the urine per diem by some hypo- 
thyroid patients®. It is believed that in man this hor- 
mone and adrenocorticotrophic hormone are produced 
by the basophil cells of the anterior hypophysis, but the 
evidence for this is of an indirect nature and conclu- 
sive proof is still awaited. If thyrotrophic hormone 
and adrenocorticotrophic hormone are produced by 
the same cells, it seems likely that the degranulation 
of the basophils occurring as a result of stress*? must 
have some influence on the yield of stored hormones 
from the gland. This is being investigated at present 
and the findings should add something to our know- 
ledge of the reaction of the pituitary gland to stress. 
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Alteration of the Duration of Action of 
Parathyroid Hormone after Partial 
Purification 


THE earliest methods of assaying parathyroid 
hormone depended on its ability to cause a rise in 
the concentration of plasma calvium in normal dogs 
16-18 hr. after injection’. Recently, Davies et al.? 
have described a method of assaying this calcium- 
mobilizing factor, utilizing the parathyroidectomized 
rat as the test animal. Following the subcutaneous 
injection of crude parathyroid extracts (or ‘Para- 
thormone’, Eli Lilly) into such animals the concentra- 
tion of plasma calcium begins to increase in 2-3 hr., 
reaches a peak in 14-18 hr. and remains elevated for 
a total of 32-40 hr. (Fig. 1). On the basis of these 
facts, Davies et al. suggested that an adequate assay 
could be achieved by measuring the calcium concen- 
tration immediately before, and 18 hr. after, the 
injection of the test material; and comparing the 
change with that occurring in a similar group of 
animals given a standard preparation. 

Using the assay method essentially as they 
describe, we have been able to confirm their work, 


3-0 


bo 
i) 


(mgm./100 ml.) 


ar 
} 


Increase in plasma calcium 








24 30 
Time (hr.) 


Fig. 1. The changes in plasma concentration of parathyroid- 

ectomized rats following the subcutaneous injection of 50 units 

‘Parathormone’, Eli Lilly (O—O), and 0-5 mgm. of a partially 

purified gland extract (@—@). Each point represents the mean 
of eight to twelve determinations 
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Effect of Acetylcholine and Adenosine on 
Cardiac Cellular Potentials 
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and have found it quite adequate for assaying crude 
extracts prepared in a variety of ways. However, 
attempts to fractionate these crude extracts by 
several means resulted in a considerable or total 
loss of calcium-mobilizing activity when assessed in 
this manner. These apparently inactive prepara- 
tions were shown to have considerable calcium- 
mobilizing activity when the plasma was analysed 
at 6 hr. rather than 18 hr. after the test injection. An 
investigation of the time-course of action of such 
preparations demonstrated that, after their sub- 
cutaneous injection, the concentration of plasma 
calcium begins to rise within 1-1} hr., reaches 
@ peak at 5-7 hr., and falls to control values in 
12-14 hr. (Fig. 1). The duration of action can be 
prolonged if the materia!) is suspended in arachis oil 
before injection. 

This situation is reminiscent of that encountered 
in the purification of the corticotropins and is of 
at least three-fold importance: (1) Assay methods 
based on the increase in plasma calcium concentra- 
tion 16-18 hr. after injection are probably unsuitable 
for assessing the purity of hormonal preparations. 
(2) The findings of all previous 
studies based on such an assay 
method should be critically re- 
examined since a reported loss of 
activity may well have been a 
conversion of a long-acting into a 
short-acting hormone. (3) Until 
more is known, comparisons be- 
tween the calcium-mobilizing to 
phosphorus-excreting potency of a 
given preparation are of question- 
able value, particularly if measured 
over different intervals of time, as 
has been the custom in the past. 

Our rapidly acting parathyroid 
extracts have been prepared by 
several different methods. The 
most reliable to date has been 
initial extraction of a fat-free gland 
powder with 0-2.N hydrochloric 
acid, followed by ultra-filtration 
through a ‘Visking’ membrane, and 
then separation on a ‘Dowex’ 50 x 4 
ion-exchange resin. The activity 
of such preparations when measured 
by means of a 6-hr. assay (similar 
in other details to that of Davies (e) 
et al.) is 75-100 units/mgm. dry : 
powder. The methods of prepara- 
tion and assay are at present being 
developed and modified, and a 
more complete description will be 
published shortly. 

This investigation was supported 
in part by a grant (A.1331) from 
the U.S. Public Health Service. 


WE have been impressed by the similarity of the 
effects of acetylcholine and adenosine on the mem. 
brane-resting and action potentials of guine: pig 
myocardial fibres. There are a number of reports of 
the effects of acetylcholine on the membrane-r sting 
and action potentials of myocardial fibres!-* ; bit we 
have seen no report on the effects of adenosine or 
of their similarity to those of acetylcholine. 

Our experimental method and apparatus were 
similar to those described previously*. Experimental 
error was reduced by recording from one single fibre 
throughout each experiment. The electrode remained 
in the one cell for periods up to 4} hr. with no 
significant change in the membrane-resting and action 
potential. It was possible by this method to observe 
changes in the membrane-resting potential with an 
accuracy of + 1-5 mV. (this limit was set by a 
combination of amplifier drift and spontaneous 
variations in the resting potential). The preparations 
were driven at a constant rate of 240 per min. 


(a) (b) 


Fig. 1. The effects of acetylcholine and adenosine on the membrane action-potential of a 
guinea-pig atrial fibre. (a) Effect of 0-5 ~gm./ml. of acetylcholine ; (6) effect of 5 ugm./ml. 
of adenosine ; (c) effect of 0-5 ugm./ml. of acetylcholine on the action potential already 
shortened by 50 vgm./ml. of adenosine; (d) effect of 50 ugm./ml. of adenosine alone. 
Upper trace in each illustration : first derivative of the action potential displaced to the 
left to prevent interference with the lower trace. Lower trace in each illustration : action 
potential. The above records were obtained from the same fibre and each record is a 
photograph of several successive action potentials and their first derivatives following 
the administration of the drug 


In the atrium, adenosine (5-50 ugm./ml.) and acety!- 
choline (0-5-1 ugm./ml.) caused a pronounced increase 
in the rate of repolarization of the action potential 
without affecting its maximum rate of depolariza- 
tion, conduction velocity, or the membrane-resting 
potential (see Figs. la and 16). These effects rapidly 
disappeared after washing out the drugs. 

The effects of acetylcholine but not those of adeno- 
sine were reversed or prevented by atropine sulphate 
(1 ugm./ml.). Furthermore, the effects of the two 
substances did not appear to be additive since the 
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degree of acceleration of repolarization produced by 
a submaximal dose of acetylcholine was the same 
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whether the acetylcholine acted alone or in con- 
junction with adenosine. Fig. ld demonstrates the 
effect of 50 ugm./ml. of adenosine; acetylcholine 
(0-5 ugm./ml.) further increased the rate of repolariza- 
tion (ig. lc) to the same degree as when given alone 
(Fig. 1a). These findings suggest that the two sub- 
stances have different sites of action on the funda- 
mental mechanisms responsible for the repolarization 
hase. 

: In the ventricle, concentrations of adenosine up to 
50 ugm./ml. or of acetylcholine up to 2-5 ugm./ml. 
had no effect on the membrane-resting or action 

tential. 

The effects of acetylcholine that we have found 
differ from those described by other workers'*, who 
fnd an increase in the resting potential of atrial 
fibres, with an increase in the maximum rate of 
depolarization and a reduction in the conduction 
velocity’. Apart from these exceptions, for which 
we have no explanation, the effects of acetylcholine 
which we report are essentially similar to those found 
by Hoffman and Suckling? and Woodbury and 
Brady®. 

It is of interest to note that Rand and Stafford‘, 
using the intact guinea pig heart in situ, have found 
a similarity in the effects of acetylcholine and adenos- 
ine; both substances block atrioventricular con- 
duction and are potentiated by cardiac glycosides. 

This research project was supported by the Life 
Insurance Medical Research Fund of Australia and 
New Zealand. 
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DL-Methionine (Sulphur-35) for labelling 
Unfertilized Mouse Eggs in Transplantation 


In transplanting mammalian eggs to a fertile 
female, one can distinguish the foetuses developed 
from transplanted eggs among recipient ‘native’ 
foetuses by a genetic marker. The transplanted 
foetuses from a brown mouse, Cd7BR, have pig- 
mented eyes, and the foetuses developed from the 
native eggs of a Bagg albino (B4LB/c) recipient are 
not pigmented. Such a technique has been used for 
testing the survival of eggs after various treatments'. 
However, colour of eyes of mouse foetuses cannot be 
observed until near the end of gestation. Labelling 
transplanted eggs with a radioactive isotope would 
serve as a means of distinguishing these eggs from 
native ones. The investigator could then determine the 
effect of any treatment of these eggs in vitro upon 
their fertiJizability and early embryonic development 
after transplantation. Recent results obtained 
support the application of such a method. 

Unfertilized mouse eggs were labelled with DL- 
methionine (sulphur-35) while they were in the grow- 
ing follicles. In all instances 30-45-day-old C57BR 
females were donors of eggs. Ovulation was induced 
by injecting intraperitoneally 2 1.u. of equine gonado- 
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Fig. 1. 


Section of oviduct of recipient mouse containing two 
eggs (a and b) at two-celled stage. (x 185) 


Fig. 2. The corresponding autoradiograph. Note radioactivity 
is present only in transferred egg, b. (x 1385) 


tropin 60 hr., and 4 1.u. of human chorionic 
gonadotropin 13-14 hr. before the eggs were collected. 
Developing eggs were labelled in vivo by an intra- 
peritoneal injection of 25 ye. of pDL-methionine 
(sulphur-35) 4-8 hr. after the female received equine 
gonadotropin. 

Subsequent to ovulation, tagged, unfertilized eggs 
were treated as follows: (1) Ampullz with eggs were 
excised, fixed and sectioned for autoradiographical 
examination?*. Radioactivity was found in the cyto- 
plasm of all eggs thus examined and in the granulosa 
tissue surrounding them. (2) Some eggs were removed 
from the ampulle. mounted on a copper planchet, 
and mixed with a gelatin solution‘ for activity assay 
in a flowing gas counter. The radioactivity of a dry 
mount of 35 labelled eggs was 29-1 counts per min. 
(3) Another group of eggs was recovered from the 
ampull and transferred into the bursa ovarii® of 
fertile Bagg albiro females which had been mated 
1 hr. earlior. These eggs, fertilized in the recipients, 
were allowed to develop during the gestation period 
in order to ascertain whether or not the radio- 
activity in the tagging technique was detrimental. 
Such eggs were observed to result in normal progeny. 
(4) Some eggs were transferred into fertile mated 
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recipients, and their oviducts prepared for auto- 
tadiographical examination. Results indicated that, 
during superovulation, mice can receive 25 ue. 
DL-methionine (sulphur-35) intraperitoneally with 
little, if any, effect upon survival of their eggs. 
Occasionally a radioactive egg was found in a state 
of degeneration. However, as evidenced by eye 
colour, nine normal fietuses resulted from the trans- 
plantation of twenty-nine labelled eggs into four 
recipients. {In one case four brown young, which had 
developed from labelled eggs, were born. 

The method described above permits the labelling 
of unfertilized mouse eggs with pDL-methionine 
(sulphur-35) for their subsequent identification during 
early embryonic development. Successful application 
of this method is illustrated in Figs. 1 and 2. Fig. 1 
shows a section of the oviduct of a recipient with two 
eggs at the two-celled stage. One egg, a, was natively 
ovulated and unlabelled, and the other egg, b, was 
radioactive and was transferred from an isotope- 
treated donor while it was unfertilized. These two 
eggs can be identified in the corresponding autoradio- 
graph (Fig. 2), in which radioactivity is indicated only 
in egg bh. 

The assistance of Drs. R. A. Bomstein and J. K. 
Sherman is gratefully acknowledged. 


Tex Pine Lin 


American Foundation for the Study of Genetics, 
Madison, Wisconsin. Sept. 12. 

* Lin, T. P. Sherman, J. K., and Willett, E. L., J. Exp. Zool. (in the 
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* Bélanger, L. F., Anat. Ree., 107, 149 (1950). 

* Doniach, I., and Pelc, 8. R., Brit. J. Radiol., 23, 184 (1950). 

* Bomstein, R. A., and Johnson, M. J., J. Biol. Chem., 198, 143 (1952). 

* Runner, M. N., and Gates, A., J. Hered., 45, 51 (1954). 


Precursors of Embryonic Chick Proteins 


WE wish to report some preliminary findings 
obtained in the course of a rather extensive investiga- 
tion into the nature of precursors of embryonic chick 
proteins (for some recent reviews, see refs. 1 and 2). 
In these experiments, amino-acids, chicken serum 
globulin and ovalbumin, labelled in their sulphur 
amino-acids with sulphur-35, were prepared. T'oru- 
lopsis utilis was grown on sulphur-35 sulphate 
(obtained from Oak Ridge National Laboratory), 
according to Wood and Perkinson’; after extracting 
the yeast protein with organic solvents‘ it was 
hydrolysed with a 1:1 mixture of 6 N hydrochloric 
acid and 90 per cent formic acid. The humin was 
removed by centrifugation, and a portion of the 
neutralized hydrolysate corresponding to 50 me. of 
the original sulphur-35 sulphate was injected intra- 
peritoneally into a laying White Leghorn hen in two 
doses, about five hours apart. Eight hours after the 
second injection the blood was withdrawn by heart 
puncture, allowed to clot and serum globulin pre- 
pared®. The oviduct was removed from the hen and 
ovalbumin prepared essentially as described by 
Steinberg and Anfinsen*. Both proteins were treated 
with cysteine at a pH of 8-0-8-5 to assure removal 
of all exchangeable sulphur-35, and were afterwards 
dialysed. Peptides were prepared by peptic hydro- 
lysis’ of the ovalbumin and of the serum globulin. 
Aliquots of the radioactive amino-acids, ovalbumin, 
ovalbumin peptides, serum globulin or serum 
globulin peptides were counted as described for 
proteins, peptides and amino-acids’. Others were 
injected into the yolks of unincubated, embryonated 
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Injected sulphur-35 per embryo (per cent) 











I, Amino-acids; II, ovalbumin; III, ovalbumin pep- 
tides ; IV, globulin peptides ; V, serum globulin 


Fig. 1. 
White Rock eggs. The eggs were first swabbed with 
70 per cent ethanol at the place to be injected ; a 
small hole was made in the side of the egg, and 0-(5- 
0-1 ml. of the radioactive solution containing (-3- 
1-8 mgm. and 6,000-25,000 counts per min. was 
injected into the yolk. The hole was immediately 
sealed with paraffin, and the eggs were incubated at 
38° C. under conditions of controlled humidity. Two 
to three dozen eggs were normally injected with one 
of the protein precursors. Starting with the fifth 
and ending on the ninth day after the injection, 
embryos were harvested and a number pooled. The 
mixture was homogenized for about 3 min. in a 
Potter-Elvehjem homogenizer in Ringer’s or isotonic 
saline solution, made up to either 10 ml. (fifth and 
sixth days) or 20 ml. (seventh-ninth days) and 
precipitated by the addition of 40 per cent trichloro- 
acetic acid, to a final concentration of 8 per cent. 
Dry protein powders were then prepared and 
counted to within 5 per cent of standard deviation, 
corrections for self-absorption and decay being made 
in each case’. 

The results of these experiments are presented in 
Fig. 1. It is apparent from the curves that over the 
period investigated there is, within our experimental 
error, no gross difference (an order of magnitude, or 
more) in the percentage of the injected protein 
precursor found per embryo. When one considers, 
however, that the protein injected is diluted with at 
least a portion of the yolk protein, approximately 
3 gm. total*, while the amino-acids and peptides are 
essentially not diluted at all since there are only 
negligible, if any, amino-acid or peptide pools in the 
yolk*, one must conclude that proteins are the pre- 
ferred precursors of embryonic protein. Furthermore, 
it is interesting to note that the egg protein oval- 
bumin is not used to any greater extent than the 
somewhat more ‘foreign’ protein serum globulin. This 
would indicate that these proteins are assimilated by 
the embryo by pathways having at least some 
intermediates in common. A similar interpretation 
might be made with respect to our peptide data. 
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Free amino-acids, if these were the true inter- 
mediates, would be expected to give much higher 
incorporation values in our experiments with injected 
sulphur-35 amino-acids than those actually observed. 
It is therefore tempting to conclude that the inter- 
mediates are either ‘activated’ amino-acids (or small 

ptides) (which are, on thermodynamic grounds, 
preferentially derived from protein) or that the pro- 
cesses Of breakdown of injected protein and protein 
synthesis take place at two sites in such close prox- 
imity as to preclude any appreciable equilibration 
with injected amino-acids. The latter interpretation 
would be in accord with those recently suggested by 
Lotfield and Harris* and by Walter e¢ al.’ for other 
systems. However, it is not unreasonable to assume 
that proteolytic activity is largely centred in the 
yolk’ and is therefore physicaily separate from the 
anabolism taking place in the embryo proper. Thus, 
our view at present is that the intermediates are 
activated forms of amino-acids directly derivable 
from proteins" and that added amino-acids and pep- 
tides join the common pathways at this junction. 

This work was supported by Grant No. H2177 of 
the National Heart Institute, National Institutes of 


Health. 
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Histochemical Appearances of Cholinester- 
ase in the Submaxillary and Sublingual 
Salivary Glands of the Rat 


Despite the researches of Babkin' and others, no 
definite conclusions have been reached with regard 
to the relative part played by the sympathetic and 
parasympathetic nerve fibres in the regulation of 
salivary secretion or the exact mode of termination 
of the fibres in the vicinity of the secretory units 
of the glands. It was considered that a histochemical 
study of the distribution of cholinesterase in the sub- 
maxillary and sublingual salivary glands of the rat 
might shed light on the problem. 

Twenty-two mature rats were used for the present 
investigation. Parts of the submaxillary and sub- 
lingual glands were processed at the same time under 
identical conditions. The glands were fixed in 10 per 
cent formol saline for 6 hr. Frozen sections 10—-25p 
thick were then cut and washed in distilled water 
for 12 hr. These sections were then processed using 
the histochemical technique described by Koelle* 
and modified by Couteaux and Céers*. The sections 
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were incubated with the substrate for 12, 24, 36, 
48 and 96 hr. at pH 4-2. The cholinesterase appear- 
ances in the salivary glands were assessed by studying 
the concentration and distribution of the copper 
sulphide precipitate formed. Hematoxylin and eosin 
or toluidine blue were used as counterstains. 

In order to distinguish between the cholinesterase 
group of enzymes and the other esterases a number 
of the gland sections were treated with incubating 
solutions also containing 3 x 10-5 M concentrations 
of eserine. An attempt was made to distinguish 
between true and pseudo cholinesterase by using 
acetyl thiocholine iodide and butyl thiocholine 
chloride as substrates. In addition 10-* M concentra- 
tions of di-isopropylfluorophosphate and 3 x 10-5 M 
concentration of 1-5-bis (4 allyldimethylammonium 
phenyl) pentan-3-one dibromide were used as 
inhibitors. 

In the submaxillary gland, after 12 hr. incuba- 
tion with acetyl thiocholine iodide, cholinesterase 
was found to be present in the nerve trunks accom- 
panying the interlobular ducts. In those sections 
which were incubated for 24 hr. cholinesterase was 
present in the form of a fine network around the 
outside of the acini, which in places united with 
the nerve trunks. No cholinesterase was seen in 
the acinar cells; but a small amount was present 
in the nuclei and cytoplasm of many of the duct 
cells. No cholinesterase was found in the sections 
of the submaxillary glands incubated with butyl 
thiocholine chloride. 

The inhibitors gave the following results. Eserine 
completely inhibited all enzyme activity in the sub- 
maxillary salivary gland. The sections treated with 
1-5-bis (4 allyldimethylammonium phenyl) pentan-3- 
one dibromide showed complete absence of the 
cholinesterase network around the acini and the con- 
centration of the enzyme in the nerve trunks was 
considerably reduced. Cholinesterase was no longer 
visible in the duct cells. The sections treated with 
di-isopropylfluorophosphate showed complete ab- 
sence of cholinesterase, indicating that the concentra- 
tion used completely inhibited both the true and 
pseudo cholinesterase activity. 

In the sublingual .gland, after 12 hr. incubation 
with acetyl thiocholine iodide, cholinesterase was 
present in the nerve trunks but was less concen- 
trated than that seen in the nerves of the 
submaxillary gland. In the sections which were 
incubated for 48 and 96 hr. cholinesterase was 
seen to be present as a faint network around the 
acini, which had a similar appearance to that seen 
in the submaxillary gland; but the concentration of 
the enzyme was again very much less. No cholin- 
esterase was found in the acinar cells; but a small 
amount was present in the nuclei and cytoplasm of 
many of the duct cells. No cholinesterase was found 
in the sections of the sublingual gland incubated 
with butyl thiocholine chloride. The effect produced 
by the different inhibitors was identical to that 
seen with the submaxillary gland. 

These preliminary observations show that in the 
submaxillary and sublingua] glands a small amount 
of true cholinesterase is present in the nuclei and 
cytoplasm of the duct cells but is absent from the 
acinar cells. In addition, they show that true 
cholinesterase is present in the form of a fine network 
around the acini of both glands but is much less 
evident around the acini of the sublingual gland. 
The fact that the net unites with the nerve trunks 
would suggest that it is formed of nerve fibres which 





1178 


contain true cholinesterase. Koelle‘ found in the cat, 
rabbit and rhesus monkey that the concentration of 
true cholinesterase was higher in cholinergic neurones 
than in adrenergic and sensory neurones. ‘The present 
results indicate that the acini of the submaxillary 
gland of the rat are supplied with a high proportion 
of cholinergic nerve fibres whereas those of the sub- 
lingual gland are supplied with nerve fibres containing 
@ low concentration of cholinesterase and ,are thus 
possibly adrenergic. 

SNELL 
GARRETT 


R. 8. 
J. R. 


Department of Anatomy, 
King’s College, 
London, W.C.2. 

Aug. 22. 
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* Céers, C., Arch. Biol., 64, 133 (1953). 

* Koelle, G. B., J. Pharmacol. and Exp. Therap., 114, 167 (1955). 


Vascular Compartments in the Rat Spleen 


INJECTION of radiopaque media either directly 
into the spleen of the rat or retrogradely into tribu- 
taries of the portal venous system, followed by 
radiography, demonstrates the presence of distinct 
vascular compartments in the spleen and clarifies 
certain features of their venous drainage. 

Previous evidence for this subdivision in the 
spleens of other mammals has been based on the 
following grounds. 

(1) Morphological—(a) the arrangement of the 
splenic vessels into five or more pedicles which enter 
the spleen at fairly regular intervals ; (b) the notched 


Fig. 1. Radiograph taken immediately after injecting 0-36 ml. 
*Thorotrast’ into the upper compartment of the rat spleen. (x 2) 
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Fig. 2. Radiograph taken 30 sec. afterinjecting 3 ml. ‘Micropaque’ 
into the superior mesenteric vein. Alternate splenic vessels were 
interrupted before injection. (x 2) 


border of the spleen; (c) the occasional presence of 
accessory spleniculi. 

(2) Embryological—the fact that the spleen develops 
from several primordia in the dorsal mesogastrium. 

(3) Stimulation Experiments (in the dog). Electrode 
stimulation of one vascular pedicle results in a 
localized contraction of a single zone. 

(4) Pathological—the localized areas of infarction 
following vessel occlusion. 

Recently, Dreyer and Budtz-Olsen! have suggested 
that there may be compartments in the human spleen. 
Their evidence is that a radiopaque medium injected 
into one zone of the spleen is drained by the nearest 
vein without diffusion through the splenic paren- 
chyma. 

We have studied the passage of media in mere 
than a hundred living rats, taking radiographs during 
injection and at varying intervals after. To obviate 
injection artefacts we have also undertaken similar 
procedures on the spleen of dead animals. 

The splenic compartments in the rat vary in number 
between five and seven, of which the largest is the 
middle. Each is supplied by a branch of the splenic 
artery and drained by a tributary of the splenic vein. 

Direct injection into the spleen of small amounts 
(0-06-0-18 ml.) of a radiopaque medium such as 
‘Thorotrast’ or ‘Micropaque’ (Damancy and Co., Ltd.) 
is followed immediately by drainage through the 
vein of that compartment and is complete after 10-15 
min. If the compartment becomes overloaded by an 
excess of injection mass additional drainage is afforded 
by the intersegmental vein (Fig. 1), which links to- 
gether the veins of the individual compartments. 
There is no diffusion between pulp spaces of adjacent 
compartments for no direct communication exists 
between them. Obstruction of the compartmental 
vein is followed by opening up of the intersegmental 
vein, which constitutes the collateral channel. Inter- 
ruption of alternate veins followed by retrograde 
injection into a tributary of the portal vein demon- 
strates the splenic compartments most effectively 
(Fig. 2) and indicates their relative sizes. 
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It is therefore presumed that since each compart- 
ment has an independent arterial supply and venous 
drainage it may be capable of independent activity 
and only when the blood supply to the spleen is 
excessive does the organ function as a complete 
entity. A pre-requisite for such activity is the open- 
ing up of the intersegmental vein, which integrates 
the venous drainage for all compartments. 

Preliminary studies on the arterial arrangements 
strengthen this concept. The results will be published 
in full elsewhere. 

J. L. BRAITHWAITE 
D. J. ADAMS 
Department of Anatomy, 
The University, 
Liverpool. 
Sept. 12. 
1 Dreyer, B., and Budtz-Olsen, O. E., Lancet, i, 530 (1952). 


Biochemical Tests for Malignancy applied 
to a New Strain of Human Cells 


TRANSFORMATIONS of normal cells of rats and mice 
into malignant strains have been reported to occur 
under tissue culture conditions on a few occasions’, 
and in such cases it was possible to demonstrate their 
malignancy by inoculation into the appropriate 
animal strains. During tissue-culture experiments 
with human cells, an abnormal strain appeared in 
roller-tubes of liver cells from a 20-week embryo. 
The new strain showed some of the characteristics of 
malignant cells, and we had to rely on biochemical 
tests to obtain further evidence of their malignancy. 

We used for the comparative tests human 
embryonic cells from skin, kidney and lung tissues 
and three carcinoma strains which originated from 
human tumours: these latter are the Hela strain 
and strain HEP 1, both of which came from cervical 
epidermoid carcinoma, and strain HEP 2, which 
came from an epidermoid tumour of the larynx of a 
man. The new strain (designated HLM) is dis- 
tinguished by morphology, cell mass and protein 
content from the carcinoma strains. All the cells 
were grown from cell suspensions in a medium con- 
sisting of modified Connaught medium 858%, 5 per 
cent chick embryo extract and 20 per cent human 
serum. 

Deoxyribonucleic acid phosphorus was determined, 
and hemocytometer counts were made on suspen- 
sions of nuclei from the skin fibroblasts, the carcinoma 
strains and strain HLM. The deoxyribonucleic acid 
phosphorus content per nucleus (Table 1) was of the 
normal diploid value* for the skin cells, but gave 
tetraploid values for the carcinoma cells and strain 
HLM. Chromosome counts and deoxyribonucleic 


Table 1. 
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Table 2. COMPARISON OF METABOLIC QUOTIENTS IN TERMS OF CELL 
NUMBER FOR HUMAN LEUCOCYTES, AND EMBRYUNIO AND CARCINOMA 





v 


pmoles per 10° cells per hr, 


Q (Lactic acid 
produced) 





Cells Reference 
Q (Gluense 
consumed) 





Normal leucocytes 301 
Chronic myelocytic Beck 
leukemia and 2 127 
Chronic lympho- Valentine 
cytic leukemia (ref. 8) 48 





Human embryonic Leslie, 
cells Fulton 187 
Human carcinoma and 
cells Sinclair 70 




















acid determinations made by other investigators 
indicate that a tetraploid nucleus may be a con- 
sistent feature of human and animal carcinoma 
cells (cf. ref. 4). 

The metabolic quotients (Tables 1 and 2) have 
been obtained by relating glucose consumption and 
lactic- and keto-acid production over 72-hr. growth 
periods to the vorresponding average amount of 
nucleic acid phosphorus or to the average cell num- 
ber. The latter values were based on measurements 
of ribonucleie acid phosphorus and deoxyribonucleic 
acid phosphorus in sets of replicate tubes sampled at 
the start and finish of the tests. 

Although the embryonic cells are widely different 
in origin and morphology, their quotients for glucose 
consumption and total acid production (that is, 
lactic- and keto-acids combined) are closely similar to 
one another and considerably higher than the group 
of values for the carcinoma cells and strain HLM 
(Table 1). That high glycolytic activity is common 
to both these rapidly multiplying embryonic and 
malignant cells grown under aerobic conditions is in 
keeping with the views of Weinhouse® and runs con- 
trary to those of Warburg’. When insulin was present 
in the medium at a concentration of 0-1 unit per ml., 
ribonn: !eir acid phosphorus formation was stimulated 
in ali celi types, but with embryonic cells the meta- 
bolic quotients were decreased relative to the control 
values, while with the carcinoma cells and strain 
HLM they were larger than the control values. In 
this connexion, Woods et al.? have shown that insulin 
stimulated anaerobic glycolysis in mouse melanoma 
slices but produced no response in brain slices. 

The results in Table 1 clearly show that strain HLM 
belongs to the malignant group. The differences in 
glycolytic activity are features which distinguish 
other normal and malignant human cells. This is seen 
in Table 2, where we have compiled, on the same ‘per 
cell’ basis, the values obtained by Beck and Valen- 
tine® for the: glycolytic activity of suspensions of 
normal and leukemic human leucocytes in mano- - 


DISTINGUISHING FEATURES FOR HUMAN EMBRYONIC AND MALIGNANT CELLS 





Distinguishing features Experiments Units 


Mean values and standard errors for the different 
ce 





Human carcinoma 


Human embryonic 
ce strains 


New strain 
HLM 





Deoxyribonucleic acid phos- | Normal 
phorus per nueleus medium 


vem, deoxyribonucleic acid phos- 
phorus per million nuclei 


1-43 + 0-04 








-— — 


All tests 
Control 
Insulin 


Q (Glucose consumed) phorus per hr. 


pumoles per mgm. nucleic acid phos- 4 . “ . 20-2 








All tests 
Control 


Q (Total acid produced) 
Insulin 











umoles per mgm. nucleic acid phos- 
phorus per hr. 
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metric vessels and those we have obtained with 
embryonic and carcinoma cells by tissue culture pro- 
cedures. The rates of glucose consumption and lactic 
acid production are of the same order for embryonic 
cells and normal leucocytes and are greater in each case 
than the values for the corresponding malignant cells. 

A detailed account of this work is being prepared 
for publication. We wish to thank Dr. F. W. Sheffield, 
Department of Bacteriology, University College, 
London, and Dr. Alice E. Moore, Sloan-Kettering 
Institute for Cancer Research, New York, for kindly 
sending us the HeLa, and the HEP 1 and 2 strains 
respectively. One of us (W. C. F.) wishes to acknow- 
ledge the award of a grant by the Medical Research 
Council. 

Note added in proof. The transformation of tissue 
culture lines of human epithelial cells to neoplastic 
forms has recently been established by cytological 
and inoculation techniques’®. 

I, LESLIE 
W. C. Futon 
R. SINCLAIR 
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An Apparatus for eluting and concentrating 
Chromatogram Spots 


A mazsor problem in toxicological analysis is the 
separation of the poison from metabolites and body 
constituents that are co-extracted. This problem is 
especially acute in cases of poisoning by alkaloids. 
One technique that is of great use in solving this 
problem is paper chromatography’*. The next 
step in the analysis is the identification of the alkaloid 
by such techniques as ultra-violet spectrophoto- 
metry, micro-colour tests and observations of the 
form of crystals obtained with various reagents. 
Recently, Clarke and Williarms‘ have described a 
technique whereby 0-05 ml. of a solution containing 
50 ugm. of alkaloid provides sufficient material for 
five hundred separate micro-colour and crystal tests. 
This quantity of alkaloid (50 ugm.) is about the 
amount most suited for initial purification by paper 
chromatography. We have, however, found difficulty 
in eluting the alkaloid from the chromatogram and 
concentrating the eluate into 0-C5 ml. of solution 
without loss of alkaloid. A simple and highly efficient 
apparatus for accomplishing this operation is shown 
in Fig. 1. 

The apparatus consists of a length of 1-mm. bore 
capillary tubing the ends of which are blown into 
small bulbs. The tubing is then bent as shown in 
the diagram. The spot cut from the paper is put in 
the larger right-hand cup and alcohol is dropped on 
to it from a burette, or siphoned on from a constant- 
head reservoir levelled with the solvent in the appa- 
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ratus. An electric hair-drier blows a stream of warm 
air over the left-hand cup and as evaporation proceeds 
the paper spot is constantly washed by the addition 
of fresh alcohol. Concentration of eluted alkaloid 
occurs in the left-hand cup. 

Experiments with spirit-soluble dye have shown 

that back-diffusion is negligible. While 50 ugm. of 
strychnine from a chromatogram run in butanol- 
acetic acid was quantitatively recovered and con. 
centrated into 0-1 ml. using this apparatus, only 
49 per cent of 50 ugm. of strychnine on a similar spot 
was recovered by soaking the paper in 5 ml. of alcohol 
for 5 hr. Quantitative measurements were by ultra: 
violet spectrophotometry. 
_ Many alkaloids have an extremely Jow absorption 
in the ultra-violet. Atropine, for example, has peaks 
with £ (1 per cent, 1 cm.) approximately 5. Never- 
theless, if 100 zgm. of atropine can be concentrated 
into 0-5 ml. then optical density values of 0-1 will 
be obtained. This apparatus, coupled with paper 
chromatography and the use of micro cells for ultra- 
violet spectrophotometry, enables accurate measure- 
ments to be made for such alkaloids. 

We have found it advantageous to concentrate the 
eluate in two stages ; first, into a volume of approxi- 
mately 0-15 ml. and, secondly, using a micro-scale 
version of the apparatus, into approximately 0-05 ml. 

The technique can obviously not be used for alka- 
loids run on a buffered paper chromatogram?, but 
where butanol-acetic acid solvents have been used 
alcohol is an ideal eluent. The rate of evaporation is 
such that complete solvent exchange (approximately 
1-0 ml.) in the apparatus is achieved in approximately 
20 min. The rate of extraction depends on the com- 
pound, To achieve complete extraction we find it best 
to evaporate for approximately three hours, then to 
allow the paper to soak overnight and to evaporate 
for a further three hours the following morning. 

This technique is obviously applicable to other 
problems requiring micro-continuous extraction and 
concentration. We hope to show further uses of it in 
forensic chemistry. 

F. G. Trynorn 
A. S. Curry 
Home Office Forensic Science Laboratory, 
Haddon Lodge, 32 Rutland Drive, 
Harrogate. Sept. 7. 


* Mhaeeesee. Dixon, Carroll and Cope, J. Lab. Clin. Med., 44, 292 
ees and Cherrier, Bull. Soc. Chim. Biol., $4, 204 


* Curry, A. 8., and Powell, H., Nature, 173, 1143 (1954). 
‘Clarke and Williams, J. Pharm. Pharmacol., 7, 255 (1955). 
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Pharmacological Inhibition of Acetyl- 
choline Synthesis 


No. 4543 


SCHUELER! has designated as the ‘“‘hemicholiniums’’ 
aseries of quaternary bases? which exhibit an unusual 
kind of toxicity. Chemically they are characterized 
by the incorporation of a choline (or choline-like) 
moiety into a six-membered ring through hemiacetal 
formation. Their most striking pharmacological 
action is respiratory paralysis: this is central in 
origin and late in onset, and when the dose is not 
too large can be prevented by the administration of 
either eserine or choline. Schueler noted that hemi- 
cholinitum intoxication presents several features 
reminiscent of poisoning by botulinus or tetanus 
toxin, and suggested that it might be due to inter- 
ference with some cholinergic mechanism. We 
thought that a substance having such effects might 
be a specific poison of acetylcholine synthesis, and 
through Dr. Schueler’s kindness we have been able 
to verify this notion with compound No. 3 of his 
series, here called HC3., 

HC3 (2 x 10-8 M), added to the eserinized plasma 
perfusing @ cat’s superior cervical ganglion, did not 
affect the rate at which acetylcholine was released 
into the perfusion fluid during repetitive stimulation 
of the preganglionic nerve trunk for 1-2 min. With 
more prolonged stimulation, however, the rate of 
acetylcholine release rapidly declined, and coin- 
cidental.y the ganglion lost its ability to transmit 
impulses and also most of its store of preformed 
acetylcholine. The acetvicholine synthesized by a 
ganglion during an hour’s stimulation at 20/sec. was 
reckoned by comparing its residual acetylcholine 
content with that of its unperfused fellow and correct- 
ing for the acetylcholine discharged into the perfusion 
fluid. In five experiments with HC3 the amount 
synthesized was 0-10 + 0-09 ugm. (mean + S.D.), 
and in five experiments without the drug it was 
1:21 40-17 pgm. The effects of HC3 could be 
antagonized by raising the choline content of the 
perfused plasma. When the ganglion was stimulated 
during perfusion with eserinized Locke’s solution 
instead of with plasma, it synthesized acetylcholine 
much more slowly, and synthesis was still further 
reduced if HC3 was present, or alternatively, if the 
concentration of eserine was increased. Evidence 
that eserine may interfere with acetylcholine synthesis 
has already been presented by Perry’ and by 
Shelley‘. 

Analogous results were obtained with HC3 in 
experiments on mouse brain, minced and incubated 
in eserinized bicarbonate—Locke as described by 
Mann et al.*. Under our experimental conditions 
this preparation synthesized acetylcholine at the 
rate of about I1 ugm./gm. (wet weight) in ¢ hr,; 
HC3 (10-4 M) diminished the synthesis by at least 
75 per cent; choline increased the synthesis and 
partly (2 x 10-5 .M) or wholly (10-* M) reversed the 
inhibitory effect of HC3. The release of acetyl- 
choline from tissue to medium, which proceeded 
slowly throughout the period of incubation, appeared 
to be unaffected by HC3 or by choline, except in so far 
as the level of bound acetylcholine was altered. 

HC3 was tested for its ability to inhibit the syn- 
thesis of acetylcholine by an extract of acetone-dried 
rat brain powder in a medium containing choline 
(10-*-10-§ M), acetyl-coenzyme A (2 x 10-*M) and 
cysteine (2 x 10-4 M). In this system it also acted 
as an inhibitor and its effect was again antagonized 
by choline; but its action was here so weak (for 
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example, about 50 per cent inhibition by 10-* M 
HC3 in the presence of 10-* or 10-5 M choline) as 
to seem unrelated to its pharmacological activity. 
It is unlikely, furthermore, that HC3 acts by prevent- 
ing the acetylation of coenzyme A: for (a) such an 
action might be expected to interfere with many 
essential metabolic processes, whereas the toxic eftect 
of HC3 appears to be highly specific; and (6) we 
have found that the ability of homogenized pigeon 
liver to acetylate sulphanilamide, which depends on 
coenzyme A °, is well maintained in the presence of 
10-? M HC3. It is conceivable that HC3 acts on 
intact nervous tissue by poisoning choline acetylase 
(that is, the enzyme that transfers acetyl groups 
from acetyl-coenzyme A to choline), but that the 
enzyme on being extracted from tissue becomes less 
susceptible to poisoning by HC3. An alternative 
explanation would be that HC3, and other hemi- 
choliniums, may compete with choline for transport 
by a specific carrier system to intraneuronal sites of 
acetylation. 

This work was supported by grants from the 
National Research Council of Canada and the 
Defence Research Board of Canada. We wish to thank 
our colleague Prof. A. 8. V. Burgen for his advice. 


F, C, MacInTosH# 


R. I. Brrxs 
P. B. SASTRY 


Department of Physiology, 
McGill University, 
Montreal. 

Aug. 27. 


'Schueler, F. W., J. Pharmacol., 115, 127 (1955). 

2 Long, J. P., and Schueler, F. W., J. Amer. Pharm. Assoe. (Sc. Ed.), 
43. 79 (1954). 

‘Perry, W. L. M., J. Physiol., 119, 489 (1953). 


* Shelley. H., J. Physiol., 181, 329 (1956). 
* Mann. P. J. G., Tennenbaum, M., and Quastel, J. H., Biochem. J., 


83. 822 (1939). 
* Lipmann, F., J. Biol. Chem., 160, 173 (1945). 


Chromatography and Spectrophotometry 
of Fused Salts 
We have recently observed chromatographic 
adsorption on alumina (Merck’s reagent grade alu- 


minium oxide) of transition metal cations dissolved 
in fused salts. 

Solutions of Fe+++, Co++, Ni*++, Cut+, UO,tt in 
lithium-potassium nitrate eutectic mixture (lithium- 
potassium nitrate, 43 mol. per cent lithium nitrate, 
m.p. 132°C.) were placed in a jacketed ‘Pyrex’ tube 
(10 mm. internal diameter, 20 em. long) filled to a 
height of 10 cm. with alumina. The temperature of 
the tube was maintained at 150°C, by circulating 
silicone oil (‘Dow-Corning 710’) through the jacket. 
The solutions were all approximately 0-01 4 with 
respect to the transition metals and had been pre- 
pared by dissolving appropriate amounts of the 
anhydrous chlorides in lithium-potassium nitrate. 
All the transition metal cations listed are adsorbed on 
the column. They may be eluted with lithium- 
potassium nitrate containing the complex-forming 
anions Cl-, SO,~, or CN—. We are investigating the 
elution properties as a function of the perticular 
complexing anion, its concentration and the tempera- 
ture of operation of the column. 

.Essentially similar observations have been made 
using anhydrous ammonium formate (m.p. 118°C.) 


as a solvent. 
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In order to gain a better understanding of the 
nature and stability of the complexes formed, we are 
carrying out studies with a Beckman spectrophoto- 
meter which has been adapted for use at elevated 
ternperatures in the following way: the usual 
Beckman compartment has been replaced by one 
through which cooling water may be circulated. The 
cell holder consists of a brass block with internal 
channels through which hot silicone oil is circulated 
from a constant-temperature bath. The usual l-cm. 
‘Corex’ absorption cells are used for containing the 
lithium-potassium nitrate solutions, care being taken 
not to allow the solutions to solidify in the cells to 
prevent cracking. 

Marked changes have been observed in the spectra 
of the transition metal ions on addition of CI-, 
SO,=, or CN-. The interpretation of these data in 
terms of stability constants for the various com- 
plexes formed will be published in detail elsewhere. 
These studies are being carried out over a range of 
temperatures to yield information on heats and 
entropies of formation of the complexes. 


Dreter M. GRUEN 


Chemistry Division, 
Argonne National Laboratory, 
Lemont, Lllinois. 

Sept. 11. 


Barbulation induced in Silky Plumage 
by Thyroxine 


A pecutiarity of ‘Silky’ plumage in poultry is 
the absence of barbules in the main vane of the body 
feathers so that adjacent barbs lie free instead of 
interlocked, as is the case in the usual breeds. The 
trait behaves as a simple recessive, occurring only 
occasionally in other fowl’. However, a fairly com- 
parablo state of feathering is developed in the common 
fowl when these are thyroidectomized’*, or if they 
are treated with one of the goitrogens*. In such 
experimental fowl, the barbules are undeveloped and 
the individually separate barbs tend to become 
gradually more delicate and soft. These similarities 
suggest that the site of effect of the Silky gene is 
the feather itself, which will not respond at all to 
the thyroid hormone ; or that in the presence of the 
Silky gene, the thyroid output is inadequate for 
full control of a possible normal differentiation. 

Administrations of thyroxine (thyroxine crystals, 
Squibb, in distilled water) were made to Silky fowl 
of both sexes during enforced feather regeneration in 
test of these questions. Three male and three female 
Silkies were deplumed regionally and, upon evidence 
of new feather growth, injected subcutaneously with 
0-5, 0-75 and 1-5 mgm. thyroxine, given as a single 
dose. The first two levels were ineffective ; the third 
gave an evident, although peculiar, response. The 
barb segments showing an effect were swollen, some- 
times forked and barbulated. Some attempts of 
sporadic barbules to differentiate hooklets were seen ; 
these were atypical, ribbon-like formations. Several 
difficulties were encountered in the first series of 
experiments, the regeneration was extremely spotty 
and slow, and the new plumage was very delicate and 
readily injured. A later series of tests were made 
using the same birds and after allowing a rest period 
of six months. Here a single injection of 0-5 mgm. 
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thyroxine was given to all birds at the tirne of 
defeathering ; it was followed one week later with g 
second single dose of 2-0 mgm. With this treatment, 
regeneration was very prompt and fairly regular, and 
a good response to the 2-0-mgm. dose was every. 
where encountered. The zone of feather barbs grovw. 
ing at the time of the second injection formed bxrbuleg 
that were distally modified in the usual manner. Tho 
body feather of the Silky fowl is accordingly c:pable 
of a differentiation beyond that characteris: ically 
achieved, and it will do so in presence of elevated 
thyroxine titres. 

The male silkies gave a somewhat better structural 
feather reaction than did the females; the general 
condition of all the birds was wholly unaffected to 
casual inspection and continued good. On a body. 
weight basis, the Silky fowl, the male especially, 
seems more tolerant of thyroxine than is the Brown 
Leghorn ; this may be a general condition of which 
the resistance of the feather is a special instance, 
However, we know little of the normal thyroid 
performance in Silkies; it is hoped some observa. 
tions in this respect may be available when the 
present material is submitted elsewhere in expanded, 
illustrated form. 

I am indebted to Dr. Mary E. Rawles for a gif 
of the Silkies, and to Mr. Paul C. Harris for much 
kind assistance. 


VOL. 178 


Mary Jvusn 


Department of Poultry Husbandry, 

University of Maryland, 

College Park. 
Sept. 5. 
1 Punnett, R. C., “Heredity in Poultry”, 99 (Macmillan and (o;' 
London, 1923). 

* Greenwood, A. W., and Blyth, J. 8. 8., Nature, 120, 476 (1927). 
*Juhn, M., Anat. Rec., 89, 38 (1944). 


Astaxanthin in the Muscle of Cod 


ASTAXANTHIN is probably the most common 
pigment of marine organisms. It has been found ina 
variety of species from unicellular algae to fish ; it is 
particularly the typical pigment of the crustaceans. 

In fish it is fairly widely distributed in the chrom- 
atophores in the skin, but normally occurs in the 
flesh only of the salmon and related species. It is 
therefore of considerable interest to report for the 
first time the occurrence of astaxanthin in the flesh 
of one specimen of cod (Gadus callurias L.). When 
the number of ‘normal’ cod caught and distributed 
for human consumption is considered, the occurrence 
of pink-fleshed cod must be a rarity. 

This particular specimen was bought on the fish 
markct in the town of Drammen, Norway, last 
September, to be used in a cooking course. It was 
noted for the bright red colour of the flesh, which 
resembled the colour of salmon flesh. The fish was 
taken to the State Research Institute of Home 
Economics, Stabekk, which submitted it to this 
laboratory for investigation of the pigment. It has 
been verified by several zoologists that the fish was 
a true cod. The pigment was extracted with acetone, 
and the absorption spectrum of the solution was 
measured directly in a recording spectrophotometer. 
The absorption curve is shown in Fig. 1. It agrees 
well with previous values reported for astaxanthin. 
The pigment was transferred to ether and washed 
with a solution of sodium bicarbonate. As no detect- 
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Absorption spectrum of pigment from a specimen of Gadus 
jas L. 21 gm. of muscle was extracted with 100 ml. acetone 
and the absorption measured in a 2-cm. cuvette 


able amount of the pigment was removed with the 
waver phase, it was concluded that the astaxanthin 
was mainly present in the esterified form. 

A chemical analysis (performed at Stabekk) of 
the muscle has given the following results : 


Dry matter 21-7 gm 
Protein 19-9 os ” ” 
Fat 0-4 i * ” 


./100 gm. 


wet muscle 


The data are representative of cod flesh which 
has lost a little water due to freezing and thawing. 

There was nothing else exceptional about this 
cod than its peculiar pigmentation. The flesh had 
a good taste. 

There is as yet no obvious explanation for this 
sporadic appearance of astaxanthin in cod flesh, but 
somewhat similar observations have been made on 
whales. Occasionally red (astaxanthin-containing) 
whale-body oils and whale-liver oils are encountered ; 
in this case pigmentation is taken to indicate an 
inspecified pathological condition". 


KJELL Baarsrup 
Institute of Marine Biology, 
University of Oslo. 
Sept. 5 
Burkhardt et al., Biochem. J., 28, 1698 (1934). 
Schmidt-Nielsen et al., Kgl. Norsk Vid. Selsk. Skrifter, 4, 114 (1932). 


Bacteriologically Sterile Planarians for 
Tissue Culture 


Aputt individuals of Planaria lugubris O. Schm. 
of 0-7 em. or more in length have been rendered 
bacteriologically sterile by treating for 2-3 days at 
room temperature in the dark with a mixture of 
100 mgm. aureomycin hydrochloride, 100 mgm. 
chloramphenicol crist. and 25 mgm. trypaflavin (the 
latter against fungi, especially yeasts) suspended in 
250 ml. tap-water. If not more than a few animals 
are treated in one flask (six animals to a 50-ml. 
Erlenmeyer flask with about 10 ml. fluid), and the 
trypaflavin concentration of 100 y/ml. is not exceeded 
and the animals are shielded from light, the mor- 
tality caused by the sterilization procedure itself is 
negligible. Treated animals transferred to sterile 
tap-water and shielded from light have not been 
observed to die. A varying mortality occurred, how- 
ever, during the test for sterility. 

To test the animals for sterility they were trans- 
ferred singly to flasks with sterile peptone—yeast 
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water (5 gm. peptone B.D.H. and 250 gm. baker’s 
yeast autoclaved in 1,000 ml. tap-water, cleared by 
centrifugation, adjusted to pH 7 2 with 0-1 N sodium 
hydroxide, diluted with tap-water 1:1 and auto- 
claved again for 20 min. at 121'C.). The transfer 
was performed in subdued arti‘icial light. The flasks 
were stored away in the dark at room temperature. 
Animals surviving after five days in clear medium 
were used for tissue culture. So far not a single 
infection has occurred in tissue-culture experiments 
with animals thus tested. 

Sterile nylon brushes were used for the transfer of 
the animals. These brushes were obtained by fasten- 
ing bundles of short lengths of nylon bristle or fishing 
line between the jaws of inoculation needle holders. 

A few series of tissue culture experiments Lave 
already been performed with the hanging-drop tech- 
nique. Fragments of the lateral regions, 0-3-()-5 mm. 
in diameter, have been explanted on various mixtures 
of human blood plasma, human foetal brain extract 
and 1 per cent solution of “Titro-Salz’ (Nordmark- 
Werke, Hamburg) at room temperature. Survival of 
at least six days has been obtained, but no active 
outgrowth. However, cell movements and cell 
migration have been observed. Histological examina- 
tion of the cvltures has shown loss of the original 
organization, presumably by haphazard movements 
of the different cell types. On the other hand, there 
was a certain tendency to form cyst-like structures, 
notably of epidermal tissue. 

Previous attempts by Murray! to culture planarian 
tissue in vitro have been made with Planaria doroto- 
cephala sterilized by ultra-violet irradiation. The 
osinctic value of the body fluids of Planaria doroto- 
czphala must be considerably lower than that cf the 
body fluids of Planaria lugubris. as indicated by the 
survival of small fragments of the latter species in 
media with the osmotic value of human blood plasma. 

Sterilization of Planaria gonocephala Dugés and 
Dendrocoelum lactewm (O.F.M.) by the above mixture 
has resulted in the death of the animals, perhaps 
because of the lack of intense pigmentation, which 
may counteract the photodynamic action of the 
trypaflavin. Sterilization with the aid of hexa- 
chlorophene, ‘Bradosol’ (Ciba), ‘Entero-Vioform’ 
(Ciba), mercurochrome or methylparaben failed also 
with Planaria lugubris. All these substances proved 
to be lethal in bactericidal (fungicidal) and even 
bacteriostatic (fungistatic) concentrations. 

The tissue culture trials took place in the Labora- 
tory of Cytology and Experimental Histology of the 
University of Leyden. I am obliged to Prof. P. J. 
Gaillard, who prepared the first tissue cultures. 


L. O. ZWILLENBER@ 


Laboratory of Comparative Physiology, 
University of Utrecht. Sept. 14. 


J. Exp. Zool., 47. 467 (1927); Physiol. Zool., 1, 137 
Arch. Exp. Zeliforsch., 11, 656 (1931). 


1 Murray, M. R., 
(1928) ; 


Splenic Hypertrophy in Voles 


ENLARGEMENT of the spleen, induced by social 
stress, has been recorded in Microtus agrestis! and 
M. orcadensis*. Splenic hypertrophy also occurs in 
natural populations of M. agrestis at certain stages of 
their population-cycle (H. Chitty, personal com- 
munication). 

The data reported here were obtained from a mixed 
group of M. ayrestis, which included both stressed 
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and unstressed laboratory-bred animals, and also 
some from the field. In this group the range of body- 
weight was 11-40 gm., and of spleen weight 10-660 
mgm. It was known from data previously accumu- 
lated in the Bureau that in normal unstressed animals, 
with a similar body-weight range, the spleen weight 
very rarely exceeded 80 mgm. 

Spleens from more than thirty animals have been 
examined histologically. Enlarged ones are charac- 
terized by great congestion, the presence of extra- 


medullary erythropoietic tissue, and large numbers of 


megakaryocytes. Some erythropoiesis occurs in the 
small spleens. With increasing spleen size the lymph- 
oid tissue becomes less distinct, and in the largest 
spleens the Malpighian corpuscles are virtually 
obliterated. This decrease in the amount of lymphoid 
tissue in the spleen is consistent with the involution 
of the thymus reported in stressed animals! ?. 

It was clear from the beginning that the red cell 
picture was abnormal, and so this has been the main 
feature studied. The proportion of reticulocytes in 
the blood has been measured, and for the eighty 
animals examined, the range was 2-36 per cent. It 
appeared that a high reticulocyte count was asso- 
ciated with an enlarged spleen, indicating an increased 
rate of release of immature erythrocytes into the 
circulation. A preliminary statistical analysis, kindly 
carried out by Mr. P. H. Leslie, showed that, for a 
given body-weight, this association between a high 
reticulocyte count and an enlarged spleen was highly 
significant. 

Hemoglobin determinations on venous blood 
ranged from 64 to 115 per cent (100 per cent= 14-8 
gm./lG0 ¢.c. with oxyhemoglobin). Low hemo- 
globin-levels were in the majority of cases associated 
with enlarged spleens and high reticulocyte counts. 

More than thirty spleens were tested for hemo- 
siderin ;_ signiticant amounts were present in only 
three of the enlarged spleens and in two of the small 
ones. There was no evidence that any of these 
animals were suffering from wounds or parasitic 
infestations sufficient to cause an abnormal blood 
picture. 

There is thus clear evidence of a hemolytic process 
in those animals with splenic hypertrophy. This 
condition is indicated by the large amounts of 
accessory erythropoietic tissue in the spleen, the high 
reticulocyte counts, and the low hemoglobin-levels. 
However, the exact relationship between spleen 
size, reticulocyte count, and hemoglobin content 
appears to be complex, and depends on the body- 
weight and sex of the animal, and probably on the 
particular stage of the condition reached. The extio- 
logy of the hemolytic process is as yet unknown. 

This work would not have been possible without 
the advice and training facilities kindly provided by 
Dr. R. G. Macfarlane, Department of H:ematology, 
Radcliffe Infirmary, Oxford ; in particular I wish to 
thank Dr. A. A. Sharp for his suggestions and ready 
help. This is the first part of a fuller study being 
made in conjunction with Dr. D. Chitty. 


JANET DAWSON 


Bureau of Animal Population, 
Department of Zoological Field Studies, 
Botanic Garden, 

Oxford. 

Aug. 24. 

* Clarke, J. R., J. Endocrin., 9, 114 (1953). 


* Chitty, D., Chitty, H., Leslie, P. H., and Scott, J. C., J. Path. Bact. 
(in the press). 
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Paromola cuvieri (Risso), a Crab new 
to the Orkneys, Shetlands and 
Norway 


On June 25, Prof. O. Nybelin brought me fo, 
identification some photographs of a large ‘spider’ 
crab, four specimens of which had been received by 
the Natural History Museum, Gothenburg, s veden, 
between July 1955 and February 1956. ‘Vhe local 
fishermen, who had trawled the specimens at foyr 
separate localities off the Shetlands and Norway, 
recognized that they were quite new to fishing 
grounds with which their families had been familiar 
for generations. I was not altogether surprised to 
find that they belonged to a species first recorded 
from the Mediterranean, namely, Paromola cuvier; 
(Risso), since I knew of another unpublished recent 
record from the Orkneys. Prof. Nybelin informed 
me that they had also taken several Mediterranean 
species of fish in the same waters in recent months, 
Paromola, with a span of 3-4 ft. and a sheil 6-8-5 in, 
long, is not a true spider-crab but a relative of the 
sponge-crab Dromia. It may be recognized by its 
club-like eyes set on slender stalks and the short last 
pair ot legs, each ending in a curious subchela. It 
exhibits marked sexual dimorphism of the chelipeds 
which in the female are very slender and not much 
lenger than the shell; in the male about three times 
as long as the shell and stouter than the walking legs, 
The Portuguese call it aranha do mar, Algerian 
fishermen diable because of its reddish colour and 
bizarre appearance. 

The distribution of Paromola cuvieri is generall 
given as: Mediterranean (excluding the Adriatic) 
and the adjacent North Atlantic waters from Cape 
Bojador and the Azores to Cork; and the maximum 
depth as 640 m. (about 350 fathoms)‘*. Apparenth; 
certain British records have been overlooked; 
Halbert*® states that specimens were taken by the 
Irish Fisheries Investigations in September 1907 at a 
depth of from 627 to 728 fathoms (1,150—-1,320 m.), 
in association with the deep-water coral Lo; hohelia, 
at 50° 42’N., 11° 18’ W. He also mentions a shell 
and two chelipeds found long ago on the shore of Mull 
(B.M. Reg. No. 1877.1). Halbert was right in think- 
ing that the crab was indigenous to deep water to 
the south-west of Ireland, and four males and two 
females were sent to the British Museum frorn this 
region between 1911 and 1948 (depth, 130-160 
fathoms). He also predicted that Paromola would 
eventually be found in deep water off the west coast 
of Scotland, and two years later Ritchie‘ recorded a 
specimen trawled between the Flannan Islands and 
the Butt of Lewis (depth not given). On January 5, 
1951, a female was taken off Stromness, Orkney 
(depth not stated; specimen in Royal Scottish 
Museum). 

The recent northern records sent to me by Prof. 
Nybelin are as follows: (1) 150 nautical miles west to 
north of Sumburgh Head, Shetlands, about 15) 
fathoms, July 1, 1955. (2) North-west part of fishing 
ground ‘Tampen’ to north of Shetlands, 140 fathoms, 
about end of August 1955. (3) North-west of Utsire, 
on the west coast of Norway, 135 fathoms, February 
1956. (4) On ‘Egersundsbanken’ off west coast of 
Norway, 82 fathoms, February 1956. The photo- 
graphs are of male specimens, which are more often 
captured than females. That specimens sometimes 
wander into coastal waters is evident from: various 
records ; Orton® recorded a male from 15 fathoms 
off the Cornish coast, and in 1919 another male, now 
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ahibited in the public gallery of the British Museum 
Natural History), was taken four miles west of the 
Lizard in 27 fathoms. The large male found alive in 
mly 2 ft. of water on the Cork coast probably strayed 
fom much deeper water, because Halbert mentions that 
ne of the epizoic organisms, the hydroid Sertulurella 
wyi (Lamouroux), is found in fairly deep water. In 
eeent years Paromola has extended its range, via 
the west coast of Scotland, to the waters around the 
Irkneys, Shetlands and the southern part of the 
Vorwegian west coast. 
ISABELLA GORDON 


British Museum (Natural History), 
London, S.W.7. 
Sept. 14. 


jBouxin and others, C.R. Soc. Biogéogr., 14 (123), 62 (1937). 
Bouvier, ““Faune de France”, 37, 192 (1940). 

Halbert, Irish Nat., 17 (6), 129 (1908). 

Ritchie, Ann. Scot. Nat. Hist., 12 (1910). 

Orton, Nature, 90, 700 (1913). 


Naphthaquinone Pigments in the Tropicai 
Sea Urchin Diadema antillarum (Philippi) 


In addition to black pigment', the sea urchin, 
Dialema antillarum, contains abundant red and 
purplish pigments. 

Extracts of spines, test, peristome, periproct, 
oodia, gut wall, radial water vascular cana s and nerve 
sords, axial complex and amcebocytes of the coelomic 
juid, made by dilute hydrochloric acid under diethy1 
ather, yielded bright red ethereal solutions showing 
absorption maxima, when acidified, at 259-62 muy, 
\37-42 mu and 46U-70) my. Solutions deposited dark 
red, somewhat unstable, needle-like crystals soluble 
in benzene, chloroform, acetone, methanol, ethanol, 
and concentrated sulphuric acid, less soluble in car- 
»0n disulphide and light petroleum and _ slightly 
wluble in water and hexane. ‘They give a bright 
green colour with ferric chloride, and in acid solution 
ire unaffected by hydrogen peroxide, but are rapidly 
and reversibly decolori.ed by hydrosulphite. If 
partitioned between diethyl ether and water, the 
pigment is red and epiphasic when acid.fied, purplish 
and hypophasic in the presence of alkali. Neutral or 
alkaline solutions are unstable. These properties 
indicate naphthaquinones. 

Chromatography is difficult ; most of the pigment 
altered on columns of calcium carbonate, magnesium 
silicate, and to a lesser extent on silica gel, yielding 
purplish, brownish or black products and eluates 
with varying absorption characteristics. On powdered 
ellulose columns (tried at the suggestion cf Prof. C. H. 
Hassall’), slow development with light petroleum or 
benzene produced chromatograms with three or 
more zones, vielding unstable eluates showing one or 
more of the above absorption bands, sometimes with 
4 varying number of additional maxima between 
230 my and 400 my. Eluates which showed no addi- 
tional maxima on the first chromatographing usually 
did when re-chromatographed. The additional 
maxima disappeared when the solutions were warmed. 
More rapid development with diethyl ether usually 
produced chromatograms with a single homogeneous 
orange zone showing three absorption maxima close 
to those of the crude extract. Sometimes two zones 
appeared, ihe main one similar to the last, and a 
much smaller purple zone, which left the column in 
acid ethanol as an orange solution. Paper chromato- 
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graphy of a crude extract from an individual pro- 
vided by the Zoological Society of London, recently 
performed by Dr. T. W. Goodwin, confirmed the 
instability of the main orange pigment and showed 
that it changed on the chromatogram to a purple 
pigment with an absorption maximum in the visible, 
at about 480 my. The latter is eluted from the paper 
with acid ethanol only with difficulty, while the 
original pigment is easily eluted with diethyl ether. 

The main pigment, purified by chromatography and 
re-crystallization, shows absorption maxima in acidi- 
fied diethyl ether at 263-64, 337-39, and 462-63 mu. 
It melts at 223°C., sublimes at about 200°C., and 
does nat fluoresce in the ultra-violet in ethereal 
solution. 

Pigment is present in the form of spheroids in the 
podia, radial water vascular cana!s, gut wall, axial 
complex and ccelomic fluid. Some are enclosed in 
amcebocytes’, others are free in the tissues, suggest- 
ing an origin from amcebocytes. Some pigment is 
present in the gut wall, in the form of much more 
minute granules or droplets. The gonads, at least 
during the summer, contained none of this pigment 
except in amozbocytes. In the amcebocytes of the 
celomic fluid a reduced precursor of the pigment 
appears to exist’. 

Much of this work was done in the Zoology Depart- 
ment of the University College of the West Indies, 
the spectrophotometer being provided by the 
Rockefeller Foundation. <A full account is being 
prepared. 

N. MILLotr 


Department of Zoology, 
Beaford Coliege, 
University of London, 
Regent’s Park, 
London, N.W.1. 
Aug. 24. 
' Millott, N., and Jacobson, F. W.. J. Invest. Dermat., 18, 91 (1952). 


? Hassall, C. H., and Reyle, K., Biochem. J., 60, 334 (1955). 
* Jacobson, F. W., and Millott, N., Proc. Roy. Soc., B, 141, 231 (1953). 


An Ecdysial Membrane in the Locust 
Cuticle 


Passonneau and Williams! have described in the 
developing cecropia silkworm an ‘ecdysial membrane’ 
situated between pupal and adult cuticles. Richards* 
has studied the fine structure of this membrane, but 
was unable to demonstrate clearly its nature and 
origin. 

A similar membrane has been found between new 
and old cuticles of the locust Schistocerca gregaria 
at the time of moulting from nymph to adult and 
at all the preceding nymphal moults. Its origin has 
been studied in successive stages of the nymphal- 
adult moult. No trace of the membrane is seen until 
after the retraction of the epidermis from the nymphal 
cuticle, when a few of the innermost laminz of the 
endocuticle show properties different from those of 
the outer laminz. They are sudanophil, and become 
detached from the dissolving endocuticle. They do 
not dissolve, and although at first separate from each 
other, later become adherent to form a discrete com- 
pact membrane. There seems no reason to doubt 
that the ecdysial membrane represents an innermest 
sheet of endocuticle which is in some way protected 
from the action of the moulting fluid. 
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This conclusion has been verified by subjecting, at 
different developmental stages, pieces of the last 
nymphal cuticle to the action of extracted moulting 
fluid. In the earlier stages, in which the endocuticle 
has not reached its full thickness, the entire endo- 
cuticle dissolved. But in later stages, including those 
before as well as after retraction of the epidermis, a 
discrete ecdysial membrane became visible after 
solution of the remainder of the endocuticle. 

The isolated ecdysial membrane is resistant to the 
action of cold concentrated mineral acids, but dissolves 
in them readily after treatment with diaphanol. 
Tests on frozen sections indicate the presence of 
sterols and of protein, and the isoelectric point of the 
membrane, about pH 5-8, is not changed by the 
action of the moulting fluid. As a result of experience 
with the cuticle of Periplaneta*, these observations 
suggest that the endocuticular laminze constituting 
the ecdysial membrane are stabilized, like the outer 
layers of the cuticle, by impregnation with a lipo- 
protein complex. The protein moiety is protected by 
its association with the sterol, and is therefore not 
removed by the action of the moulting fluid. 

Whether the ecdysial membrane has army functional 
significance is not clear; but its formation may be 
dependent on the fact that at the time when endo- 
cuticle secretion is declining preparatory to ecdysis 
the epidermis is already in a state of preparation 
for the formation of the sterol-containing outer part 
of the new cuticle, so that the last-formed portion 
of the endocuticle comes to contain material destined 
primarily for the new cuticle. 

This work forms part of an investigation into the 
locust cuticle carried out while holding a senior 
research award of the Anti-Locust Research Centre. 
A full account will be given in due course. 


S. R. A. MALEK 
Department of Zoology, 
The University, 
Manchester. 
Sept. 20. 


1 Passonneau and Williams, J. Exp. Biol., 30, 545 (1953). 
* Richaris, A. G., J. Morphol., 96, 537 (1955). 
* Dennell, R., and Malek, S. R. A., Proc. Roy. Soc., B, 144, 545 (1956). 


A Technique for measuring Structural 
Features of Plant Epidermis using 
Cellulose Acetate Films 


It is often difficult to peel off areas of plant epi- 
dermis which are large enough for accurate determ- 
inations of mean cell size and stomatal distribution. 
Buscalioni and Pollacci’?, and Long and Clements? 
have described a method for counting stomata using 
collodion films ; but these were found to be sometimes 
difficult to remove from a treated leaf, and to tend 
to give poor images of epidermal cells because they 
become opaque in the presence of water. Recently, 
Bennett and Furmidge* have recommended a tech- 
nique for the study of the distribution of deposits 
and organisms on plant surfaces using impressions 
on cellulose acetate or gelatin; structural features 
of epidermis from some curved surfaces and ‘savoyed’ 
leaves, however, cannot readily be observed by this 
method. An additional technique devised here for 
the measurement of epidermal cells appears to over- 
come the disadvantages of the above-mentioned 
methods for this purpose. 
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A quick-drying coloured solution of cellulose acctate 
is applied to the plant organ from which measure. 
ments are required. When the dry film is removed it 
bears an impression of the sculpturing of the epi. 
dermis so that areas which were above later) cel] 
walls are thicker, and thus appear darker, than the 
rest of the film when viewed by transmitted light. 
The cellulose acetate film seen through a micr: /SCOpe 
therefore closely resembles the structural features of 
peeled epidermis. 

2 gm. of cellulose acetate and 0-7 gm. night blue 
or crystal violet are dissolved in 100 ml. acvtone, 
The solution is painted on the epidermis with a camel. 
hair brush which is kept immersed in acetone when 


not in use. The film dries in a few seconds, and, after | 


flooding with a strong solution of detergent, can be 
lifted from the plant. Films are more easily reinoved 
from large areas and whole leaves if treated material 
is placed in an oven and allowed to wilt before apply- 
ing detergent. The stripped film is mounted on a 
slide with the surface which faced the plant upper- 


most, and dried by dabbing with filter paper ; it is | 
Large | 


then immediately ready for viewing dry. 
areas of film should be stuck to the slide. When 
observed with an orange light source, films coloured 


with night blue give almost black images which are | 


very suitable for photographing on panchromatic 
film. 


prepare, and gives a permanent record from which 
measurements can be made at leisure (Fig. 1). There 
is no risk that the cells will shrink during the prep- 
aration, or that the picture will be confused by the 
presence of underlying mesophyll cells—two faults of 
the ‘peeling’ method. The technique is suitable for 
leaves, petals and other organs of many plants except 
those which are densely covered with hairs. Not all 


plants that were tested gave equally well-defined | 


films; but satisfactory records of cell size and 


Fig. 1. Photomicrograph of cellulose acetate film from epidermis 
of leaf of Lilium regale 
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stomatal number were obtained from many species 
that were unsuited to the ‘peeling’ method. 
C. Norta 
Scottish Horticultural Research Institute, 
Mylnefield, Invergowrie, 
by Dundee. 
Sept. 7. 
,Buscalioni, L., and Pollacci, G., Atti. Inst. Bot. Univ. Pavia, 2, 83 
(1902). 
‘Long, F., and Clements, F. E., Amer.J. Bot., 21, 7 (1934). 
+pennett, 8. H., and Furmidge, C. G. L., Nature, 178, 152 (1956). 
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Possible Use of Sorbic Acid as a Preserva- 
tive for Corn Silage 


Many types of preservatives such as ground 
cereals, sugar beet pulp and molasses are employed to 
preserve silage in the best possible condition. These 
preservatives are high in fermentable carbohydrates 
which help to stimulate lactic acid fermentation. Some 
farmers have been using hydrochloric and sulphuric 
acids to control the protein breakdown which gives 
an unpleasant smell to silage. The use of ground 
cereals is uneconomical. Beet pulp and molasses are 
available only in certain places and usually in limited 
supply. Inorganic acids like hydrochloric or sulphuric 
are strong acids, and, from the point of vi-w of 
farmers, they have been difficult to handle and 
distribute in the silo. Likewise, such acids produce 
deleterious effects on the digestive system of farm 
animals. Virtanen! reported that there is a need 
for a suitable and cheap organic acid for silage- 
making with acids. 

In recent years sorbic acid, a mild organic acid, 
has been used extensively as a fungistatic agent in 
the food-processing industries. In cucumber fer- 
mentation, 0-1 per cent sorbic acid controlled yeast 
scum formation without interfering with the normal 
and desired fermentation by bacteria which produces 
lactic acid*. It has also been shown that the sorbic 
acid is less toxic and a better preservative than 
sodium benzoate**, 

Wide-mouth glass jars were used as the experi- 
mental silos. The corn silage was prepared in them 
as it would have been in the regular silos. Prior to 
ensilage, corn plants were chopped into small pieces 
and were ‘pitched’ in the ‘silos’. Each layer was 
packed well. Water was sprinkled on the top of each 
layer in the case of untreated (control) silos which 
were again packed to remove the air pockets. In the 
case of treated silos, sorbic acid solutions were 
sprinkled instead of water. Concentrations of 0-3, 
0-2, 0-1, 0-05 and 0-025 per cent of sorbic acid on an 
absolute weight basis were prepared in tap-water 
and were sprinkled on the top of each layer of the 
ensilage material. Sorbic acid was kindly furnished 
by the Carbide and Carbon Chemicals Co., New York. 
Some of the silos thus prepared were covered with 
air-tight lids and the remainder were uncovered. The 
experiment was conducted in triplicate. Following 
ensilage and treatments, the silos were stored in card- 
board boxes at room temperature for a period of five 
months. After five months, they were weighed to 
determine the percentage loss in weight and were 
opened to inspect the microbial growth on the 
surface. 

It was noticed that the silage was less affected 
by mould than untreated silage. Higher concentra- 
tions of sorbic acid were more effective in con- 
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Fig. 1. Top, Growth of mould in profusion on the surface of 
silage sprinkled with water ; bottom, very slight growth of mould 
on the surface of silage sprinkled with 0-1 per cent sorbic acid 

solution 


trolling the mouldy growth than the lower con- 
centrations. However, the concentration 0-1 per 
cent was quite as effective as that of 0-3 per cent. 

Fig. 1 (top) shows the profused growth of mould 
on the top layer of the silo which was sprinkled with 
water and Fig. 1 (bottom) shows very little or no 
growth on the top layer of the silo which was sprinkled 
with sorbic acid solution at the concentration of 
0-1 per cent. Mouldy growth on the silage gives 
bad odour and flavour. 

The occasional spraying of the silage material 
with harmless sorbic acid solution (U-1 per cent) 
while the silo is being filled will preserve silage in 
good physical condition. At the same time a larger 
percentage of proteins will be preserved which 
ultimately will be recovered in milk and in meat. 
The pH of sorbic acid (0-1 per cent) solution is 3-6. 
The preservation of the silage material at such low 
pH produces silage of high quality. 

D. K. SALUNKHE 

Department of Horticulture, 

Utah State Agricultural College, 
Logan, Utah. 


1 Virtanen, A. I., Proc. 6th Int. Grassland Oong., 2, 1147 (1952). 

* Phillips, G. F., and Mundt, J. O., Food Technol., 4 (7), 291 (1950). 

> Deuel, jun., H. 3. Alfin-Slater, R., Weil, C. 8., and Smith, jun., H. F., 
Food Res., 19 (1), 1 (1954). 

‘ Salunkhe, D. K., Food Technol., 9 (11), 590 (1955). 
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Growth-promoting Effects of Ethylene- 
diamine Tetra-acetic Acid 


THE recent communication by Heath and Clark! 
prompts us to present some of our observations of 
presumed plant hormone effects of the chelating 
agent ethylenediamine tetra-acetic acid. Reference 
to these observations was made in a review on the 
application of chelation to agriculture*. Our interest 
in this problem developed from observations, made 
in the summer of 1953, on massive growth response 
to ethylenediamine tetra-acetic acid by sunflower 
plants in water culture; metal complexing effects 
in the nutrient medium were involved, but there 
was also evidence of a direct effect of ethylenediamine 
tetra-acetic acid itself on growth. 

To investigate possible growth-regulator effects of 
ethylenediamine tetra-acetic acid, a series of experi- 
ments on straight growth of hypocotyl sections of 
etiolated white lupin seedlings was undertaken. late 
in 1953. Sections 2 cm. long were cut from central 
portions of hypocotyls 6-7 cm. in length (one section 
per seedling) from seedlings germinated in the dark 
at 24°-26°C. under a continuous tap-water spray. 
For each treatment twenty-five sections were floated 
on the appropriate solution in a large Petri dish 
which was then stored in the dark at 25°C. All 
solutions were made up with de-ionized water without 
added nutrients. Measurements were made after 
24 hr. In preliminary experiments, all treatments 
included indole acetic acid at 1 x 10-°M. It was 
found that either indole acetic acid at this concentra- 
tion or disodium ethylenediamine tetra-acetate at 
5 x 10-5 M, or both in combination, caused increases 
in elongation and water uptake of about the same 
magnitude, 30-50 per cent. In contrast with the 
studies using the wheat coleoptile', in which growth 
of controls on water alone gave elongations of about 
80 per cent in 19 hr. at 25°C., the lupin hypocotyl 
sections elongated only about 10 per cent in 24 hr. 
at the same temperature. The relative magnitude 
of effects attributable to these compounds thus 
appears greater with the lupin material than with 
wheat, presumably because of a lower content of 
native hormone in this tissue. 

When hypocotyl] sections were floated on solutions 
of disodium ethylenediamine tetra-acetate substantial 
increases in both length and water uptake were 
observed at concentrations of 3 x 10-4, 1 x 10-4 and 
5 x 10-5 M, with maxirnum increases of more than 
50 per cent occurring at either 5 x 10-Sorl x 10-* M. 
Addition of pH 5 phosphate buffer to the solutions 
did not influence these results. With disodium 
ethylenediamine tetra-acetate at 5 x 10-5 M, respira- 
tion was stimulated to the extent of a 50 per cent 
increase in oxygen uptake. 

The experiments with disodium ethylenediamine 
tetra-acetate are presumed to demonstrate effects of 
exposure of the plant part to uncomplexed chelating 
agent, so that responses observed are attributed to 
its action within the tissues. To study the response 
to complexed chelating agent in the medium, experi- 
ments were carried out with the iron chelate, ferric 
disodium ethylenediamine tetra-acetate, which at 
most physiological hydrogen-ion concentrations is 
the most stable known chelate of ethylenediamine 
tetra-acetic acid. At 10-4 M ferric disodium ethylene- 
diamine tetra-acetate, there was a 10 per cent 
decrease in length and 15 per cent loss of water from 
the tissues, and more gradual but continued decreases 
at higher concentrations. Respiration was stimulated 
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about 10 per cent by 5 x 10-5 M of the ferric disodiun 
compound, as contrasted with 50 per vent stimulation 
by the disodium compound at this same inolar 
concentration. It seems evident from these results 
that growth-stimulating effects of ethylenediamine 
tetra-acetic acid are associated only with the addition 
of uncomplexed chelating agent to the growing 
medium. 

The association of growth-promoting effects with 
uncomplexed ethylenediamine tetra-acetic acid jn 
the medium, but not with the iron chelate, can be 
interpreted as supporting the concept of growth pro. 
motion by removal of calcium from the ceil-wal] 
structure. This would presume that uncomplexed 
ethylenediamine tetra-acetic acid, in passing through 
the cell wall, forms a chelate with calcium removed 
from the wall structure, which is thereby enabled to 
expand. 

A further observation of hormone effects exerted 
by ethylenediarnine tetra-acetic acid has been seen 
in epinastic response of soybean leaves on plants in 
solution cultures supplied with disodium ethylene. 
diamine tetra-acetate at concentrations of 6-7 x 10-5 
or higher. The response characteristically took the 
form of an opening of the angle between petiole and 
stem and twisting of the leaflets through angles rang- 
ing from 90° to 270°. 

This investigation will be presented for publication 
in more detail in a subsequent issue of the Contribu- 
tions from Boyce Thompson Institute. It was supported 
by grants from the Refined Products Corp., Lynd. 
hurst, N.J., and by Versenes Inc., Dow Chemical 
Co., Framingham, Mass. 


L. H. WEINSTEIN 


Boyce Thompson Institute for 
Plant Research, Inc., 
Yonkers, N.Y. 


R. 


Soils Department, 
Rutgers University. 
July 23. 
* Heath, O. V. S., and Clark, J. E., Nature, 177, 1118 (1956). 


* Haertl, E. J., Down to Earth, 2 (1), 6 (Dow Chemical Co., Midland, 
Michigan, 1955). 


Seed-coat Structure of Ethiopian 
‘Rape’ 


SAMPLES have been obtained of seed described as 
Ethiopian ‘rape’, imported into Europe for oil ex- 
traction. Plants grown from the seed corresponded 
with specimens in the Kew Herbarium named 
Brassica integrifolia (West) O. E. Schulz var. carinata 
(A.Br.). This plant is cultivated in Ethiopia and 
adjacent north-east African territories. Most tax- 
onomists regard this species as a mustard, and some 
include it in the B. yuncea complex which contains 
a number of mustards of commercial importance. 

Fig. 1 is a drawing of a cross-section of the testa. 
All layers characteristic of the cruciferous seed-coat' 
are present. The uneven height of the palisade cells is 
responsible for a distinct reticulation which is shown 
by the whole seed and, also, by surface preparations 
of the palisade layer. The subepidermal layer, 
although not so distinct as that of B. nigra, is often 
quite obvious. So far as the mustards of commercial 
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Fig. 1. Drawing of cross-section of testa of Ethiopian ‘rape’ 
(x 380). #, Epidermis; S.£., subepidermis; Pa.L., palisade 


layer; Pi.L, pigment layer; and A.Z., aleurone layer 


importance are concerned, the seed-coat structure 
f this Ethiopian plant would seem to correspond 
most closely to that of sarepta or brown mustard 
B. besseriana Andrz). In this connexion, it is interest- 
ing to note that, like the Ethiopian species, sarepta 
mustard is often placed in the B. juncea complex. 

Although it may not be possible to identify this 
Ethiopian plant on testa structure alone, the presence 
of a well-defined epidermis, subepidermis and palisade 
layer, consisting of comparatively large ce ls and 
with well-marked reticulations, serves to place it in 
the B. juncea complex. Identification on seed-coat 
structure is useful in cattle cake analysis, and cattle 
ake described as Ethiopian ‘rape’ has been found 
‘0 contain testa fragments with a structure similar 
0 that described in the previous paragraph. 

It is intended to publish the details of this investiga- 
tion elsewhere. I am indebted to the Incorporated Oil 
seed Association and Salamon and Seaber (consulting 
analytical chemists) for the supply of material and 
so the Central Research Fund of the University of 
London for the loan of certain apparatus used in 
this work. 

JoHn G. VAUGHAN 

Chelsea Polytechnic, 

Manresa Road, 
London, S.W.3. 
Sept. 13. 


Winton, A. L., “The Microscopy of Vegetable Foods” (New York, 


1916). 


Nitrogenous Compounds in Plant Xylem 
Sap 


THE predominance of organic nitrogenous com- 
pounds in the tracheal sap of apple trees! implies 
that incoming inorganic nitrogen is largely converted 
into organic form in the root system. The transpira- 
tion stream then carries to the shoot a mixture of 
amino-acids and amides among which aspartic acid, 
asparagine and glutamine are quantitatively the 
most important. 

That these phenomena are not unique to apples 
has been shown by chromatographic examination of 
xylem sap extracted from shoots of a range of 
dicotyledons, monocotyledons and gymnosperms. 
lhe plants used were all selected as capable of yield- 
ing xylem sap*. However, not all species examined 
were woody shrubs or trees, as extension® of the sap 
extraction technique rendered possible the sampling 
of a considerable number of herbaceous species. 





NATURE 





1189 







Nitrate was present in saps of less than half the 
species tested and usually in only trace amounts. In 
all cases, however, whether nitrate was detectable or 
not, a range of organic nitrogenous compounds was 
present. ‘hough no quantitative measurements of 
individual compounds were made, it was clear that 
the substances detected in each case would have 
largely accounted for all the nitrogen in each sap 
sample. 

With most species, either asparagine or glutamine 
was quantitatively the most important individual 
compound, glutamine occupying this role in 75 per 
cent of the species tested. Usually, however, both 
amides as well as aspartic and glutamic acids were 
present as well as a range of other amino-acids in 
lesser amount. In this category, alanine, serine, 
threonine, methionine and/or valine, and leucine were 
most commonly present. Examination of some 
hydrolysed sap samples has revealed the appearance 
of further compounds, mainly glycine, cystine and 
cysteic acid, implying the presence of a peptide-like 
substance in the sap. There was thus in the com- 
position of many samples a striking similarity to the 
range of compounds already described as present in 
apple sap'. 

Citrulline was present in the xylem sap from 
species of twenty-nine families. This compound has 
not previously been widely recorded in plants; but it 
has been found in Alnus‘ and members of the 
Betulaceae®. While this compound was not widely 
distributed among the species studied in the present 
work it was of considerable importance in a number 
of spe ies of the following genera: Juglans, Alnus, 
Nothofagus, Annora, Persea, Diospyros and Chamae- 
cyparis. Citrulline was not detected in any mono- 
cotyledon. 

Allantoin and/or allantoic acid were present in 
xylem sap from members of twenty-three families. 
These compounds have long been recognized® as 
plant constituents ; but interest in them as storage 
and translocatory compounds has arisen only lately>’. 
In some of the species studied in the present work 
these compounds were present in low concentration ; 
but in some species of the genera Persea, Acer, 
Aesculus, Alectryon and Cobaea allantoic acid was a 
major constituent of the xylem sap. Neither of these 
compounds was detected in any gymnosperm and in 
only one monocotyledon (Arundinaria). 

It is apparent that the xylem translocation of 
organic nitrogen is not a phenomenon peculiar to 
apples. Partial or complete assimilation of inorganic 
nitrogen must occur before it passes into the tran- 
spiration stream. It is of interest that the presence of 
organic phosphorus compounds has recently® been 
detected in a plant xylem sap. 

The course of assimilation of nitrogen in the root 
must vary just as the compounds in the sap vary, 
and any description of this process must account for 
the importance of glutamine and/or asparagine as 
well as the importance in some species of citrulline or 
allantoic acid. It is not clear whether the compounds 
present in tracheal sap are early products from the 
incorporation of inorganic nitrogen into organic 
compounds or are products of breakdown of storage 
proteins. It may be that they result from both 
processes. 

Whatever their origin, it is in the form of these 
organic nitrogenous compounds that the shoot receives 
nitrogen from the root system and it is these 
which are available to the shoot for its further 
metabolism. 
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Attention has recently been directed® to the meta- 
bolic interrelations of root and shoot, but little is 
known concerning any specific requirement of the 
shoot for nitrogenous compounds. It may be that all 
the shout requires is a buik supply of morganic or 
organic nitrogen, or it may be that all or some of 
the specific compounds present in xylem sap are 
essential for shoot development. 

E. G. BOLLARD 
Fruit Research Station, 
Department of Scientific and Industrial Research, 
Auckland, New Zealand. 
Aug. 28. 


* Bollard, E. G., Nature, 171, 571 (1953). 

* Bollard, E. G., J. Exp. Bot., 4, 363 (1953). 

* Bollard, E. G. (in the press). 

‘ ae J. K., and Virtanen, A. I., Physiol. Plantarum, 5, 540 
52). 

* Reuter, G., and Wolffgang, H., Flora, 142, 146 (1954). 

* Tracey, M. V., “Modern Methods of Plant Analysis’, 4, 119 (1955). 

* Mothes, K., and Engelbrecht, L., Flora, 189, 586 (1952). 

* Tolbert, N. E., and Wiebe, H., Plant Physiol., 30, 499 (1955). 

* Mothes, K., “Die Kulturpflanze”’, 1, 157 (1953). 


Alloploid Nature of Okra, Abelmoschus 
esculentus (L.) Monech. 


Ahelmoschus esculentus (L.) Moench. (= Hibiscus 
esculentus L.'), commonly known as lady’s fingers, 
okra or bhindi, is an important vegetable crop 
cultivated in the different countries of the world. 
The chromosome number of this species has been 
variously reported as 2n = 130? and 2n = 72%; in 
a number of varieties examined by us‘, the chromo- 
some number was invariably found to be 2n = 130. 

Pal, Singh and Vishnu Swarup*® described from 
India a new species, Abelmoschus tuberculatus Pal et 
Singh, related to okra. The chromosome number 
of this wild species was determined by us‘ to be 
2n = 58. 

Meiosis and seed setting in A. esculentus (2n = 130) 
and A. tuberculatus (2n = 58) were normal. The F, 
hybrids (2n = 94) obtained from reciprocal crosses 
between these two species were totally sterile. 
Chromosome pairing in these hybrids appeared to be 
interesting from the phylogenetic point of view. Out 
of 122 pollen mother cells which could be very clearly 
analysed, 105 showed the chromosomal association, 
291 + 361, 13 showed 28! + 38! and 4 cells showed 

I+ 40!. The most frequent association, 291 + 
361, strongly suggests that the 65-chromosome culti- 
vated okra is an alloploid comprising two genoms, 
one with 29 and the other with 36 chromosomes. 
The former genom is homologous with that of A. 
tuberculatus ; the latter genom may be related to 
any among the species of Abelmoschus having n = 36 
chromosomes. 

Among the Abelmoschus species of which chromo- 
some numbers haveso far been reported in the literature, 
three have n = 36 chromosomes: A. ficulneus (L.) 
Wt. and Arn.* (= Hibiscus ficulneus L.), A. moschatus 
Medik. (= Hibiscus abelmoschus L.*), and Hibiscus 
esculentus var. Blue Long 4 *. A. tuberculatus seems 
to be the only species so far for which the chromosome 
number, 27 = 58, is certain. 

A chromosome number approaching that of A. 
tuberculatus was reported for Hibiscus manthot 
(2n = 60)3?; however, Skovsted? reported 2n = 66 
and Kuwada® 2n = 68 chromosomes for this species. 
Teshima’ observed all the chromosomes as univalents, 
during meiosis, in the F', hybrid (H. esculentus var. 
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Blue Long A, n = 36 x H. manthot, n = 30), ang 
in the Ff, hybrid (H. esculentus var. Dwarf Prolific, 
2n = 126-134, x H. manthot, 2n = 69) Chizaki’ yo. 
ported the formation of 0-7 pairs during meiosis, 
Recently, Prof. Kuwada of the Kagawa University, 
Japan, observed at meiosis in the F, hybrid of 
A. esculentus, 2n = 124, with A. manthet, 2n = 68. 
the formation of 0-7 bivalents (personal communica. 
tion). The cytological features of these hybrids are 
thus distinct from those of the present one, na mely, 
A. esculentus x A. tuberculatus. 

We have so far not met with a form of A. escrlentys 
with 2n = 72 chromosomes, the number reported for 
the variety Blue Long A of this species by ‘Teshima?, 
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Should Teshima’s observations be confirmed, 4. | 
esculentus would appear to comprise two chromosomal § 
races, 2n = 72 and 2n = 130. While it would then | 
be interesting to study the evolutionary origin of the | 


form with 2n = 72 chromosomes, it would appear 


from the present results that cultivated okra (A, | 
2n = 130) may have originated through | 


esculentus, 
hybridization between a 29-chromosome and a 
36-chromosome species of Abelmeschus followed by 
chromosome doubling in the resulting hybrid. 

In this context, it is interesting to note that the 
F, hybrid, A. jiculneus (n = 36) x A. tuberculatus 
(m = 29), studied by us was totally sterile and formed, 
on an average, 1-63 chromosome pairs per pollen 
mother cell, the frequency being as follows : 


oe of pairs per pollen mother 
ells 5 6 
12 


0 1 28 4 
27 14 18 7 8 


No. “of pollen mother cells 


Experiments are under way to synthesize an n = 65. | 
chromosome form through chromosome doubling in | 


this hybrid. 

Vavilov’ has suggested, on the basis of phytogeo- 
graphical studies, an Abyssinian origin for A. esculentus. 
Further studies on the world distribution of Abel- 
moschus species, especially in the Abyssinian region, 
and on their cytogenetic affinities would be helpful 
in elucidating the problem. 

We are grateful to Dr. B. P. Pal and Dr. 58. M. 
Sikka for encouragement and helpful criticism during 
the course of these investigations. 

A. B. Josui 
M. W. Harpas 
Division of Botany, 
Indian Agricultural Research Institute, 
New Delhi. 
July 26. 
1 Hochreutiner, B. P. G., Candollea, 2, 79 (1924). 
? Skovsted, A., J. Genet., $1, 263 (1935). 
* Teshima, T., J. Fac. Agric. Hokaido Univ., 34. 1 (1933). 
‘ Joshi, A. B., and Hardas, M. W., Curr. Sci.. 22, 384 (1953). 
* Pal, B. P., Singh, H. B., and Swarup, V., Bot. Gaz., 113. 455 (1952) 
* Hardas, M. W., and Joshi, A. B., Indian J. Genet. Plant Breed., 14 
47 (1954). 
? Chizaki, Y., Proc. Crop Sci. Soc., Japan, 6, 164 (1934). 
®* Kuwada, H., Tech. Bull. Kagawa Agric. Coll., 1, 12 (1949). 
* Vavilov, N. I., Chron. Bot., 18, 1 (1949-50). 


Protective Coloration and Animal 
Behaviour 


PRocRYPTICALLY coloured insects may resemble | 


objects occurring in their environment very closely’ ; 


thus leaf-mimicking butterflies may bear markings | 


resembling veins, holes eaten by phytophagous 
insects, mildew, etc. This has been held by some 
authors to invalidate the theory of natural selection 
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js applied to the phenomena of mimetic protective 
wloration, since it is argued that avian predators are 
wlikely to achieve the refinements of discrimination 
jossible for human observers, who are themselves 
often deceived. 

Carter? has supported the latter part of this 
iticism, and has proposed an alternative view. He 
interprets the work of Lorenz’ as showing that birds 
respond to only a few of the available visual characters 
if the objects which they perceive: ‘The conclusion 
of recent studies of bird behaviour is that very 
generally, at any rate in those situations... in which 
recognition of the object leads to some course of 
sction, @ bird recognizes an object not by its general 


TF ppearance, as we do, but by some simple and usually 


ingle feature possessed by the type of object to which 
t belongs. This feature may have very little to do 
Carter 


He proposes that the refinements 
of imitation found in Nature may have been achieved 


: Fthrough selection pressures mediated by a number 


ring 


Bicarning process*’. 


of different species of predator, each responding 
innately to distinct, individual features of the model 
objects. Such an accumulated selection pressure, 
contributed by a diversity of sources, would be capable 
of mediating the production of accurate facsimiles 
of the superficial appearances of the model objects 
to which the predator’s responses were originally 


Fiirected. This suggestion has been incorporated 


nto at least one general discussion of allesthetic 
tharacters*. 

Carter’s proposal involves three assumptions : 
1) responses of birds to prey-objects are inborn and 
tigidly determined ; (2) inborn responses are given 
to releasing stimuli which commonly possess only one 
or a very few valent features; (3) different features 
if the same releasing object may be valent for different 
species of passerine. 

It is likely that avian responses to prey-objects are 
primarily inborn ; but the fine details of the orienta- 
tion of attack’, and the choice of object*, may be 
rapidly modified by learning processes, and it is cer- 
tain that many features of a variety of edible objects 
must acquire valence for an experienced predator. 
The releasing stimuli for some intraspecific responses 
are simple’, and possess a few valent features only ; 
but many characters of an object, or class of objects, 
may be valent for the release of a single unconditioned 
interspecific response®. The third assumption has not 
been specifically tested ; but experiments comparing 
the releasing value for passerines in three different 
families (Fringillidae, Emberizidae and Paridae) of 
three characters present in a two-dimensional eye-like 
pattern have not supported it, though they offer no 


positive disproof®. 


An experienced bird, searching a habitat containing 


Scryptic prey, or confronted with a Batesian or 
Mullerian mimic, gives a response which may have 


been appropriately modified as the result of a previous 
To explain the accuracy of a 
particular cryptic or mimetic resemblance it is 
necessary to show that at least one species of predator 
tan achieve discrimination learning of an equivalent 
refinement. This ability has been demonstrated by 
de Ruiter in the avian predators of stick-like cater- 


# pillars’*, and its converse, for the case of wasp- 


mimicry, by Mostler®. If the responses of the birds 
are susceptible to learning processes, the nature of 
the original unconditioned releasing mechanisms in 
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inexperienced predators is largely irrelevant to the 
selection process. 

Certain protective resemblances have been shown 
to utilize the inborn responses of predators. The 
eyespot patterns of many insects are exhibited by 
special displays (Blest, A. D., in preparation) and they 
release escape behaviour from small passerines. The 
responses of the latter are almost certainly inde- 
pendent of previous experience of eye-like objects, 
and are quite certainly wholly independent of pre- 
vious experience of the birds’ own predators®. Re- 
peated encounters with a spotted and displaying 
insect may either reinforce avoidance behaviour, 
or cause it to wane to extinction. At no point would 
discrimination learning appear to enter into the 
situation. It is possible that the hypothesis proposed 
by Carter might apply to cases of this type, but the 
existing work on animal behaviour fails to indicate 
any necessity for such special postulates, either to 
account for the evolution of intimidating patterns, 
or procryptic resemblances and orthodox Batesian 
and Mullerian mimicry. 

It remains to re-emphasize that statements con- 
cerning the sensory capacities of animals, or their 
power to achieve sensory discriminations, based on 
experiments involving the elicitation and measure- 
ment of responses from whole organisms, are only 
meaningful in terms of the precise experimental 
situations employed’. This qualification is often 
ignored in the more general literature. 


A. D. BLEst 


Department of Zoology, 
University Museum, 
Oxford. 

June 30. 
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Fossil Frogs from a Lower Cretaceous 
Bed in Southern Israel (Central 
Negev) 


THE presence of fossil frogs in Israel was discovered 
in January 1954, when several specimens were found 
in the Ramon erosion cirque, in the central Negev, 
about 80 km. south of Beer-Sheba. 

The geological formations exposed in the cirque 
cover the periods from Middle Triassic up to Ceno- 
manian. The fossil frogs were found in a lacustrine 
continental deposit. The profile of the place is as 
follows : 


Depth (m.) 
10-00 


Formations 


Upper basaltic flow 

Lacustrine deposit (Varvy silt containing the fossil 
together with plant remains) 1-50 

Laterite, red-purple 10° 

Tufa, greyish-green 10 

Lower basaltic flow 5 

Basal Lower Cretaceous conglomerate 0 
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The age of the formation containing the frogs was 
determined as Lower Cretaceous, the many plant 
remains, among them Weichselia reticulata, furnish- 
ing a fairly safe clue to the period of fossilization. 
Additional evidence points to an age ranging between 
Aptian and Albian. In 1955 and 1956, two more 
visits to the site were made and so far several dozens 
of fossil frogs and one tadpole have been discovered. 

The fossil material underwent various stages of 
limonitization. This process brings out the whole 
skeleton of the frogs preserved as an imprint in the 
soft rock which is secondarily filled with limonite, 
or as petrified osseous matter. 

A first survey revealed the occurrence of three 
types of frogs. Among them one exhibits some 
pelobatid features (Fig. 1), such as a distally enlarged 
sacral transverse process. A second type of fossil 
frog does not show this enlargement and has a rather 
pointed head, and teeth on the maxillary bone. 

The tadpole (Fig. 2) shows the caudal fin fold 
preserved as a fairly distinct imprint, and, strangely 
enough, a series of about twenty free vertebral 
elements extending through body and tail up to its 
tip. This state of matters fits nicely with the recent 
discovery of I. Griffiths', who mentions the differentia- 
tion of free vertebrez in the larval tail of the recent 
pelobatid Megophrys major. The fossil tadpole found 
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here seems to be the earliest one known so far, sincg 
adults only have been described from earlier forma. 
tions, as, for example, the well-known specimens from 
the Jurassic of Lerida in Spain and from the United 
States. 

The presence of free vertebre in this tadpole 
contrasts sharply with the differentiation of a typical 
urostyle in all the adult specimens found, which 
possess, on the whole, modern anuran features. The 
presence of free caudal vertebrie in the tadpole seems 
to indicate that the formation of the adult urostyle 
differed from that of recent frogs. 

The material is under study at the Department 
of Zoology of the Hebrew University in Jerusalem, 
under the supervision of Prof. G. Haas. A detailed 
study will be published elsewhere. 


ABIATHA Nevo 


Department of Zoology, 
Hebrew University, 
Jerusalem. 

Aug. 21. 


' Nature, 177, 342 (1956). 


Structure of Cupric Salts of Mono- 
carboxylic Fatty Acids 


In a previous communication! on the structure of 
cupric formate, acetate and propionate, we con- 
cluded that the latter two compounds, both in 
organic solvents and in crystalline state, consist of 
dimeric molecules, Cu,(RCOO),.X,, X being a solvent 
molecule, in which the copper-to-copper linkage might 
be expected. The following facts were then assumed 
to support the above conclusion: (1) the acetate and 
propionate show an absorption band of a special kind 
at about 80x10! c./s., which was ascribed to the 
possible copper-to-copper linkage ; (2) the absorption 
of the special kind is greatly polarized along the direc- 
tion binding the two copper atoms within a molecule. 
This is the reverse of the polarization property with 
the band at 43 x 101° c./s. 

Using the above criteria, we have recently examined 
the structure of cupric butyrate monohydrate and 
non-hydrate, valerianate monohydrate, capronate and 
caprylate. All these in chloroform or ethyl alcohol 
are found to show absorption spectra which are closely 
similar to those of cupric acetate and propionate in 
solution, showing an absorption band of the special 
kind at about 80x10" c./s. The dichroism in the 
visible and ultra-violet of the salts has been determ- 
ined quantitatively by the microscopic method’. 

The crystals of the above com- 
pounds show absorption bands at 
43 and 80 x 10" c./s. besides 
strong absorption in the shorter 
wave-length regions. The _polar- 
ization of the band at about 
80 x 10! ¢./s. is found to be 
the reverse of the polarization of 
the band at about 43 x 10!* c./s. 
These relationships bear a close 
resemblance to those of cupric 
acetate and propionate, suggesting 
the existence of similar dimeric 
molecules. 

It was also found that the 
water of crystallization does not 
cause any essential discrepancy in 
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the dichroism. It is most likely, therefore, that the 
jnkage, if any, of the water molecules to the copper 
stom is not strong in the above type of compounds. 

Determination has also been made of infra-red 
gectra in ‘Nujol’ of the above compounds, including 
the cupric formate, acetate and propionate. All of 
them except the formate show in the region between 
500 and 2,000 cm.-? and only one absorption at 
sbout 1,600 cm.~1, which is rather sharp and due to 
the anti-symmetrical vibration of the COO~ group?*. 
his is believed to be further evidence for the exis- 
ence of the dimeric molecules in the above com- 
pounds. The formate tetrahydrate, which was 
found to involve no dimeric molecules', does not show 
the absorption at the above frequency, although the 
formate ions are linked to the copper atom. Instead, 
cupric formate shows a corresponding COO~ absorp- 
tion at lower frequency, which is considerably broader 
than the sharp band with the other cupric salts. 

Cupric palmitate and stearate in acetic anhydride 
have been found to show ultra-violet absorption 
spectra which are closely similar to that of cupric 
acetate. The infra-red spectra in ‘Nujol’ have also 
been measured with the two compounds ; they show 
one sharp absorption at about 1,600 em.-'. This is 
identical with the frequency shown by cupric acetate. 
These facts suggest that the two compounds may 
also contain the dimeric molecules. 

All the above facts lead us to the conclusion that 
cupric acetate, propionate, butyrate, valerianate, 
tapronate, caprylate, palmitate and stearate contain 
the dimeric molecules both in their crystalline state 
and in organic solvents. [+t is suggested further that 
the cupric compounds with the homologues of 
monocarboxylic acids from acetic up to stearic acid 
consist of dimeric molecules. 

RyuvTaro TsucHipa 
SHOICHIRO YAMADA 
Hirroy1 NAKAMURA 
Department of Chemistry, 
Faculty of Science, 
Osaka University, 
Japan. 
Sept. 17. 


‘Tsuchida, R., and Yamada, S., Nature, 176, 1171 (1955). 
‘See, for example, Bellamy, L. J., ““The Infra-red Spectra of Complex 
Molecules”, 150 (Methuen, London, 1954). 


Preparation of Tritium-labelled Deriva- 
tives of Benzoic Acid 


IsoroPE exchange methods have long _ been 
employed for the study of the reactions of hydrogen 
atoms attached to aromatic ring-systems, and also, 
to a limited extent, for preparative purposes’. 
Most of the preparations described in the literature 
were carried out with water of a comparatively low 
deuterium content. While these methods are not 
suitable for the preparation of compounds having a 
high D:H ratio in the labelled groups, they are 
(apart from questions of economy in the use of 
tritium), in principle applicable to the preparation 
of tritium-labelled materials, since the tritium con- 
tent of the starting material (water) is normally much 
less than 1 per cent. The present communication 
describes a simple, rapid and direct method for the 
labelling of p-nitro benzoic acid at very high specific 
activity, with considerable economy in the use of 
radioactive material. It is also suitable for use with 
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deuterium at high abundance. The two isotopes can, 
with advantage, be combined in the same prepara- 
tion: analytical procedures (for example, infra-red 
spectroscopy) are thereby considerably facilitated. 
Tritiated water at specific activities in excess of 
220 mc./ml. being a relatively expensive material, it 
is essential to introduce as little hydrogen as possible 
from reagents. Unfortunately, the nitro-group has 
a very marked inhibiting action on the exchange, 
necessitating the use of very concentrated sulphuric 
acid (over 85 w per cent)*. Other acids, for example, 
phosphoric, are ineffective* or otherwise unsuitable, 
for example, perchloric. This difficulty is overcome 
by the use of vapour-phase exchanges in a three- 
legged vessel (Fig. 1). Into one leg is placed the p- 
nitro benzoic acid (1 gm.), with about 0-1 gm. of 
concentrated sulphuric acid. Into the second leg is 
placed 0-6 gm. of fresh phosphorus pentoxide. These 
legs are then rapidly sealed off. The ampoule of 
tritiated heavy water (1 curie in 0-2 ml.) is opened, 
and dropped rapidly into the third leg, which is then 
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Reaction vessel for the preparation of radioactive 
p-nitro benzoic acid 
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sealed off. The pumping-off tube is stoppered to 
prevent access of atmospheric water vapour. When 
all the liquid water has disappeared, the vessel is 
partially evacuated and sealed off. The whole is then 
heated to 250°C. in an oven for an hour (m.p. of 
p-nitro benzoic acid, 242°C.: b.p. of 88 w per cent 
sulphuric acid, 250° C.). The phosphorus pentoxide 
acts as a reservoir for the water (moist phosphorus 
pentoxide exchanges its hydrogen freely with water 
vapour and maintains the concentration of the 
sulphuric acid at the right level). Infra-red analysis 
(via the pumping-off stem, without breaking the 
ampoule) indicates that, at this time, the exchange 
extends to about two of the four ring hydrogen 
atoms. Very prolonged treatment is needed to cause 
the remaining two to be exchanged. Published data‘ 
suggest that these two groups of hydrogen atoms 
correspond to those which are ortho and meta with 
regard to the carboxyl group respectively. 
Neglecting isotope effects on the exchange 
equilibria, the radioactive yield (= useful activity 
total activity 
is about 28 per cent, in the absence of chemical 
losses, if two ring positions are exchanged, and would 
be 44 per cent if all four positions came to equilibrium. 
Since, however, degradation and sulphonation in- 
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crease with duration of the heating, the radioactive 
yield into purified p-nitro benzoic acid is likely to be 
much less than 44 per cent in the second case. 

After purification, and removal of the activity 
from the carboxyl group, the overall yield was about 
70 per cent by weight (17 per cent by activity), the 
specific activity being 230 mc./gm. 

Further studies on the use of this material are in 
progress. A detailed account of the method will be 
published elsewhere. 

J. E. S. Brapiey 
Physics Department, 
Middlesex Hospital Medical School, 
London, W.1. 
Sept. 7. 
* Ingold, C. K., Raisin, C. G., and Wilson, C. L., Nature, 184, 734 
(1934). 


* Best, A. P., and Wilson, C. L., J. Chem. Soc., 239 (1946). 

* Gold, V., and Satchell, D. P. N., J. Chem. Soc., 3609 (1955). 
“Gold, V., and Satchell, D. P. N., J. Chem. Soc., 3622 (1955). 

* Koizumi, M., and Titani, T., Bull. Chem. Soc. Japan, 18, 318 (1938). 


A Surface Contact Microscope for the 
study of Cell Movements 


THE importance of the contacts formed by moving 
cells in controlling their behaviour has been clearly 
shown in the phenomenon of contact guidance 
described by Weiss! and in contact inhibition de- 
scribed by Abercrombie and Heaysman?. 

In order to study the contacts formed between 
cells and solid surfaces, it is possible to make use of 
the slight penetration of light waves into the less 
dense medium when totally internally reflected at a 
glass/water interface. The apparatus used for these 
studies is illustrated in Fig. 1. Light from an intense 
source S (compact-source mercury arc) passes through 
the slit 7 and strikes the upper surface A of the 
60°-prism. A cell suspension in water is mounted 
between an ordinary microscope slide and a coverslip 
and is sealed with immersion oil on the upper face 
of the prism (Fig. 2). The incident light now strikes 
the upper surface of the glass slide at an angle greater 
than the critical angle and is totally internally 
reflected at the glass/water interface. In reality the 
beam penetrates the less dense medium slightly, as 
shown diagrammatically in Fig. 3(a). If a cell of 
refractive index greater than water is moving on 
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(a) 
Fig. 3 


the surface (Fig. 3(b)), those portions which make | 
close contact with the surface of the glass will enter | 
the penetrating beam and will scatter the light, owing | 
to the presence of minute inhomogeneities in their | 


structure. 


When seen from above, through the microscope M, 


the field appears completely dark, provided that the 


incident light beam has been carefully shielded and | 
the prism faces are clean. But those regions of the 


moving cells which are in close contact with the glass 
are brightly illuminated. In addition, the actual 


contours of the cell surface can be explored by | 


changing the angle of the incident beam. With 
increasing angle, the degree of penetration of the 
incident beam is decreased so that the areas of the 
cell which are illuminated are reduced, eventually to 
those regions which are almost in molecular contact 
with the glass surface. 

The effect is particularly well illustrated in the 
case of a filamentous mould kindly provided by Dr. 
R. J. Goldacre. As the mould moves forward along 
the glass, bright waves of light can be seen to move 
rapidly along its length, which are due to continuous 
changes in the points of adhesion between the lower 
surface of the mould and the glass surface. Apart 
from its biological application, the microscope may 
prove to be generally useful for the study of a number 
of phenomena, particularly those connected with the 
forces of cohesion between surfaces. 

I am grateful to Prof. A. Haddow for his interest 
and encouragement in this work. This investigation 
has been supported by grants to the Chester Beatty 
Research Institute (Institute of Cancer Research: 
Royal Cancer Hospital) from the British Empire 
Cancer Campaign, Jane Coffin Childs Memorial Fund 
for Medical Research, the Anna Fuller Fund and the 
National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service. 


E. J. AMBROSE 


Chester Beatty Research Institute, 
Institute of Cancer Research : 
Royal Cancer Hospital, 
London, S.W.3. 
July 27. 
1 Weiss, P., “Principles of Development” (Henry Holt and Co., New 
York, 1939). 


* Abercrombie, M., and Heaysman, J. E. M., Bap. Cell Res., 5, 111 
(1953); 6, 293 (1954). 
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Adsorption of Uranium on Clay 
Minerals 


No, 4543 


In the conventional sulphuric acid leaching of low- 

grade uranium ores, using 50-200 Ib. acid per ton of 
ore, considerable amounts of uranium may remain 
in the leach residues, especially with secondary ores 
where the uranium is in the hexavalent form and 
should be readily soluble. We have recently been 
studying the absorption of uranium on clay-like 
minerals (for example, montmorillonite, vermiculite 
Gand halloysite) to investigate the possibility that 
Aidissolved uranium may be reabsorbed by an ion 
exchange mechanism on the clay minerals in an 
Hore, thereby leaving a residue relatively high in 
Furanium despite the usual filtration and washing 
B procedures. 
@ in synthetic mixtures of clay, sand and a uranium 
# wineral, simulating ores containing 0-1—-0-2 per cent 
Buranium oxide, we have been able to demonstrate 
FP ithat up to 0-02 m.eq. of uranium can be absorbed 
on 1 gm. of the above-mentioned air-dry clays under 
conventional leaching conditions. The results, how- 
Fever, are not consistent with the known cation 
Bexchange capacities of montmorillonite, etc., which 
may be as high as | m.eq. per gm. of clay, and are 
¥ quite different from the values reported by Goldstaub 
Band Wey', who found that 0-5-0-6 m.eq. of uranium 
Bcould be absorbed per gm. of air-dried hydrogen 
montmorillonite from uranyl nitrate or acetate 
solutions. As our work was done with a sodium 
montmorillonite (Wyoming bentonite) in sulphate 
# solutions, and at concentrations and clay—liquor ratios 
quite different from those used by Goldstaub and 
Wey, it was not surprising that different results were 
obtained ; but the magnitude of the difference never- 
theless seemed excessive. We therefore repeated 
some of Goldstaub and Wey’s experiments with 
sodium montmorillonite, using both nitrate and 
sulphate media (0-57 and 0-53 per cent uranium 
oxide respectively), and leaving 20 ml. of solution 
at pH 1-7-1-8 in contact with 1 gm. clay for 1 hr. 
in each test. The results, which represented equilib- 
rium conditions, showed a loading of 0-33 m.eq. per 
gm. clay with nitrate solution, in substantial agree- 
ment with the values of Goldstaub and Wey, while 
the figures for sulphate solution were 0-07 m.eq., 
being more in line with the lower values obtained in 
our earlier work. 

Confirmation of the unusual properties of sulphate 
solutions was obtained by repeating the above ex- 
periments with the strongly acidic cation exchange 
resin, J.R. 120, instead of clay. The results (Table 1) 
are expressed for convenience in terms of an arbitrary 
distribution ratio, namely, uranium oxide per gm. 
moist resin/uranium oxide per ml. solution. 

lt is evident that, in sulphate solutions, the ion- 
exchange capacity of clay for uranium is limited to a 
value much below that accepted for cation exchange. 
This phenomenon is consistent with the use of anion 
exchange resins for recovery of uranium from solution 
on an industrial scale and suggests that some of the 
uranium retained in ore residues may be absorbed 
by anion exchange instead of, or in addition to, 


Table 1. ABSORPTION OF URANIUM ON CATIONIC RESIN 





gm. resin 
ml. solutiun 


- 0-025 16 64 
0-25 15 100 


Distribution ratio 
in sulphate solution in nitrate solution 
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cation exchange. Our current interest in the matter 
lies in devising simple methods for the desorption 
of uranium from clay-like minerals, in the light of 
the results reported here. 


P. T. Davey 
T. R. Scorr 


Division of Industrial Chemistry, 
Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne, C.1. 

Aug. 2. 


a oonnaae’ 5., and Wey, R., Bull. Soc. Frang. Miner. Crist., 78, 242 


A Method for analysing Mechanical 
Motion 


In the particular frequency-range of 10,000—50,000 
cycles per second and peak-to-peak amplitudes of the 
order of 0-002 in. there are several methods, for 
example, optical, electrical, magnetic, etc., for 
measuring mechanical vibration. However, in this 
high-acceleration region of approximately 10‘g, cer- 
tain effects which take place can lead to useful 
information concerning resonant vibrating members 
which could not be obtained by other means. 

To be specific, assume a right circular cylinder of 
aluminium of } in. diameter symmetrically driven in 
fundamental longitudinal resonance at 22,000 cycles 
per second. Under these conditions there is a loop of 
motion at either end of the rod, the amplitude being 
180° out of phase at one end from that at the other 
end. There is a node of motion at the centre of the 
bar. Placing one’s fingers lightly along the resonating 
bar no definite sensation is experienced until a broad 
threshold of the order of 0-0005—0-001 in. amplitude 
(peak to peak) is attained at the loops of motion. At 
0-001 in. a very definite force acts on the fingers, 
pushing them toward the node from both loops. It 
appears as if the static friction between the fingers 
and the surface of the bar has been reduced consider- 
ably since the experience is that of a very smooth 
feeling. Conversely one experiences resistance, though 
not of the static friction variety, as the fingers are 
pushed from node to loop. At the loops of motion 
the reduced friction effect is greatest, whereas at the 
node the static friction one observes below 0-0005 in. 
is in effect. 

In order to investigate this phenomenon thoroughly 
amore quantitative criterion than touch sensation was 
necessary. Since the surfaces of the metallic cylinder 
are circular and relatively smooth, a viscous sub- 
stance, which however has some mass, was required, 
and a jewellers’ abrasive lapping paste mixed with 
water was used. To specify completely the forces 
and amplitudes in a vibrating bar one must know 
the radial amplitude U, which by simple theory is 
related to the longitudinal amplitude W=A cos kx 
by the expression U =roW ! (where r is the radius of 
the bar, o is Poisson’s ratio, and kK=w/c=2r/A). For 
bars the radii of which are small compared to wave- 
length, as in the case here, these equations for all 
practical purposes are borne out by more rigorous 
theory}. 

The ratio of the maximum radial amplitude to the 
maximum longitudinal amplitude in a straight bar is 


7 od = and for the aluminium bar at hand amounts 
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only way to increase the radial amplitude is to 
increase the frequency or the radius. 

Application of the paste in very small quantities to 
the surface of a bar } in. radius shows no action below 
0-001 in. amplitude at the loop. At about 0-002 in. 

consistency of a kind is attained. Between 0-001 and 
0-002 in. the action is erratic. At roughly 0-002 in. 
the paste motion is towards the node of vibration from 
either side of the node although there is a tendency 
for the gravitational forces to take effect on the paste 
and roll the paste to the bottom side of the bar, which 
was held in an attitude parallel to the work-table. 
Increasing the amplitude on this bar to 0-003 in. 
did not cause any noticeable change in paste motion. 
By doubling the radius of the bar to } in. the paste 
motion seemed to be enhanced and a definite change 
took place by the tripling of the radius to # in. At 
this radius the paste moved independent of the atti- 
tude of the vibrating element with respect to the work- 
table. In other words the forces causing the paste 
motion were higher than the gravitational forces. The 
velocity of the paste motion was also considerably 
enhanced. 

Since a resonant drive system was used the frequency 
could not be changed while maintaining the same 
amplitude of vibration. With the present equipment 
larger diameter rods could not be driven at sufficient 
amplitudes to compare with the work done on the 
three bars, because of the loading effect, since the 
total kinetic energy of the bar contains two terms, 
one depending on the cross-section of the bar and the 
other on the square of the cross-section. In new 
equipment tests several points will be checked: the 
effect of frequency, larger amplitudes, temperature, 
paste, smoothness of surface of bar, etc. Aluminium 
was chosen as the vibrating member because the 
alternating stresses involved for 0-002 in. (about 
13,700 lb./sq. in.) would be sufficient to generate 
considerable heat in rod the damping capacity of 
which is higher than aluminium, the heat affecting 
the surface tension. 

It appears from this work that the ratio U/W 
above a certain threshold W is a quantity which 
determines the ability of a paste to respond to cer- 
tain forces generated in a bar which are sufficiently 
great in magnitude to compete against surface 
tension and gravitational forces acting on the paste. 
At the same time the forces are such that paste tends 
to be driven from loops of motion and to pile up at 
the nodes, leading to the belief that this technique 
may be. applied to more intricate shapes and to 
asymmetrical driving to give information which 
cannot be derived from theory as yet. 

RoBERT H. QuINT 


American Cystoscope Makers, Inc., 
1241 Lafayette Avenue, 
New York, 59. 
Aug. 15. 


1 Davies, R. M., Phil. Trans. Roy. Soc., A, 240, 418 (1948). 


A Magneto-resistance Displacement Gauge 


THE very large Hall and magneto-resistance effects 
in indium antimonide (InSb) have led to a number 
of suggested practical applications'*. We report 
here, briefly, some details of the use of the transverse 
magneto-resistance effect for the detection and 
measurement of small displacements. 


NATURE 





to 0-207r. For the same amplitude at the loop the 





November 24, 1956 


The principle of the method is that the displac. 
ment to be measured causes a small strip of indiyn 
antimonide crystal to change its position relative tg 
@ permanent magnet, the poles of which are shaped 
in such a way that there is a strong field gradicnt in 
the direction of movement. The mean field over the 
crystal and hence its resistance are then a function of 
position. 

This simple arrangement would be liable to a large 
temperature error, to overcome which it is preferable 
to use two crystals rigidly connected together and go 
disposed that as the field in one increases that in the 
other decreases. This is shown schematically jy 
Fig. 1. The two crystals form two arms of a Wheat. 
stone bridge, the remaining arms of which consist of 
equivalent resistances. By adjusting one of these the 
bridge is balanced in the position of zero displacement, 
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CRYSTALS OF InSb 
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Fig. i. Schematic arrangement of the specimens relative to the sores 

: magnetic field 

With such an arrangement, fed from a 2-volt cell, m 
and using crystals of size 2 x 2x 0-25 mm., we have Bis 
been able to obtain a deflexion of 5 mm. directly on § thom 
a galvanometer (4 m.amp. full scale, 6 ohm resistance) on 
for ly movement of the stylus, that is, a magnifica. J jis; 
tion of 5,000 times. The short-term zero stability is J 1,5 
better than 0-25u. Georg 
If the bridge is fed with a.c. it is possible to amplify §°**' 
the signal, with a considerable increase in sensitivity, inn 
tho limit to which is set by perfection in the mechani- § Grow! 
cal mounting and residual temperature effects, rather § Bri 
than by intrinsic response. It is believed that an 9% {i 
increase of 10-100 times should be attainable in this § vision 
way. Soc 
The gauge in its direct form is particularly simple § % \ 
where remote reading, or recording, of results is ron 

required. For example, it could be used for the con- § at 1 
tinuous monitoring of foil thickness. The sensitivity Jj 2°. 
can be quickly altered by switching the feed current, gan 
or by inserting shunts across the meter. Squar 
Acknowledgment is made to the Admiralty for = 
permission to publish this communication. Squas 
ROY 

I. M. Ross vue 

E. W. SAKER E.17), 

Services Electronics Research Laboratory, 

Baldock, —_ 
Herts. Colleg 
Sept. 13. Berto 
4 PHY 
? Hartel, W., Siemens-Zeitschrift, 28, 376 (1964). rin 
? Ross, I. M., and Saker, E. W., J. Electronics, 1, 223 (1955). Gillha 
* Willardson, R. K., and Beer, A. C., “Electrical Manufacturing” ony 
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displace. 
€ indium FORTHCOMING EVENTS 
lative to (Meetings marked with an asterisk * are open to the public) 
e sha 
‘ ped Monday, November 26 
adicnt in Y 
Over th INSTITUTE OF NEUROLOGY (in the Lecture Theatre, The Pe ae 
. 6 jospital, Queen Square, London, W.C. 1), at 5 p.m. —Prof. 8. T. Bok 
2Ction of Mumsterdam): ‘The Structure of the Cerebral Gortex as Studied 






it Quantitative Methods—1”.* (Further lecture on November 30.) 


RoYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
iW.7), at 5 p.m.—Mr. B. W. Sparks: “Evolution of the Relief of 
he Cam Valley”. 

BRITISH SOCIETY FOR THE History OF ScrENCE (in the Lecture 
theatre of the Science Museum, Exhibition Road, South Kensington, 
london, $8.W.7), at 5.30 p.m.—Mr. John Fisher : “Electricity in 
ermany in the Eighteenth Century” 

RoyAL Society oF ARTS (at John on Street, Adelphi, London, 
. 0.2), at 6 p.m.—Dr. L. E. C. Hughes: First of Three Cantor Lectures 
“ingineering Electronics”. (Further lectures on December 3 
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Tuesday, November 27 


UNIVERSITY OF LONDON (at Bedford College, 
ion, N.W.1), at 5.15 p.m.—Prof. Harold Richardson : 
if Physical Ideas’* (Inaugural Lecture). 

CEMENT AND CONCRETE ASSOCIATION (at the Institution of Civil 
ingineers, Great George Street, London, 8.W.1). at 5.30 p.m.—Dr. 
B. Morice: “The Analysis. of Prestressed Concrete Structural 
Members and the Application of Recent Research”. 


INSTITUTE OF MARINE ENGINEERS (at 85-88 The Minories, London, 
B.C at 5.30 p.m.—Mr. C. D. Boadle: “Some Safety Considerations 
of Nuclear Power Reactors” 
RESEARCH DEFENCE Society (in the Physiology Lecture Theatre 
ge, Gower Street, London, W.C.1), at 5.30 p.m.—- 
A. A. Miles: “Resistance to Infection—The Experimental 
Approach” (Twenty-fifth Stephen Paget Memorial Lecture”); 
followed by the Annual General Meeting. 

RoYAL INSTITUTE OF CHEMISTRY (joint meeting with the Sm JoHN 
(ass COLLEGE CHEMICAL Society, at the Sir John Cass College, 
Jewry Street, London, E.C.3), at 6.30 p.m.—Prof. R. 8. Nyholm : 
‘Magnetism and Inorganic Molecules”. 

SocigeTy OF INSTRUMENT TECHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 7 p.m.—Prof. J. D. McGee: “Television 
Technique applied to Observation and Control”. 
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Wednesday, November 28 


UNIVERSITY OF LONDON (at the Postgraduate Medical School ad 
london, Ducane Road, London, W.12), at 2 p.m. Prof. R 
Thompson : “The Bloc hemistry of Nervous Diseases”. 

Royal Socrgety oF ARTs (at John Adam Street, Adelphi, London, 
¥.C.2), at 2.30 p.m.—Mr. J. 8. Hales: “‘Air Conditioning of Buildings” 
(Alfred Bossom Lecture). 

INSTITUTE OF FUEL (at the Institution of agg | Engineers, Great 
George Street, London, 8.W.1). at 5.30 p.m.—Dr. 8. Scorer: “‘The 
(ost in Britain of Air Pollution from Different Ad of Source”.* 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Dr. A. B. Wardrop: “Structural Aspects of Surface 
Growth in Plant Cells”’.* 

BRITISH INSTITUTION OF RADIO ENGINEERS (at th « London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
london, W.C.1), at 6.30 p.m.—Dr. G. N. Patchett: “Colour Tele- 
vision”. 

SocteTy FOR ANALYTICAL CHEMISTRY, PHYSICAL METHODS GROUP 
at the Chemical Society, Burlington House, Piccadilly, London, W.1), 
at 6.30 p.m.—Twelfth ‘Annual General Meeting. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION 
at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6.45 p.m.— 
Debate on the motion that ‘There is no Future for Laminated Plastics 
in Automobile Body Construction”. 

SOCIETY OF Cupnens INDUSTRY, Foop Group (at 14 Belgrave 
Square, ——. 8.W.1), at 6.45 p.m.—Mr. G. Clewlow and Mr. w. 
Dixon: ‘‘New Aspects of the Evaluation of Biscuit Flour’; Dr. 
A. E. Bender : he Stability of Vitamin C in a Commercial ‘Fruit 
Squash”, 

ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the SouraH- 
West Essex TECHNICAL COLLEGE CHEMICAL SOCIETY, at the South- 
West Essex Technical College, Forest Road, Walthamstow, London, 
£.17), at 7 p.m.—Dr. A. T. James: ‘“Gas- Liquid Chromatography”. 
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Thursday, November 29 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 1.15 p.m,—Mr. K. M. 
Barbour: “A New Approach to the Nile’ Waters Dispute’’.* 


PHYSICAL SOCIETY, OPTICAL GROUP (in the Lecture Hall of the 

National Physical Laboratory, Teddington), at 2.30 p.m.—Mr. J. 
Gates : ‘Polarimetry : Present Use and Future Aims”; Mr. E. J. 
Gillham: “A Precision Photoelectric Polarimeter and Automatic 
Saccharimeters for Industrial Use”; Mr. R. Stanley: “The Belling- 
ham and Stanley Photoelectric Polarimeter”. 
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UNIVERSITY OF LONDON (in the ered Theatre, University 
College, Gower Street, London, W.C.1), at 5 p.m.—Prof. . Marrian : 
“Some Recent Progress in the Biochemistry of the (Estrogenic Hor- 
mones”’. 


INSTITUTION OF CIVIL ENGINEERS (at Great Coorms. or West- 
minster, London, 8.W.1), at 5.30 p.m.—Dr. W. . Vernon : 
“Metallic Corrosion and Conservation’. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 

W.C.2), at 5.30 p.m.—Prof. R. O. Kapp: “Differences of Opinion 
ine Dimensions”. 

Soctkty OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at the Royal Society of Tropical Medicine and Hygiene, Manson 
House, 26 Portland Place, London, W.1), at 6.30 p.m.—Prof. H. F. 
a “Recent Progress in Heterogeneous Polymerization of 

efines”’, 


Friday, November 30 


TEXTILE INSTITUTE (at 10 Blackfriars Street, Manchester 3)—~ 
Dr. F. C. Toy: “‘The Impact of New Ideas on an Old Craft” (Emsley 
Lecture). 

Royal Society (at Burlington House, Piccadilly, London, W.1), 
at 2.30 p.m.—Anniversary Meeting. 


Puysicat Soctety (in the Lecture Theatre of the Science Museum, 
Exhibition Road, Londyn, 8.W.7), at 5 p.m.—Prof. G. D. Rochester 
and Dr. C. C. Butler: “The Discovery of V-particles and the Pro- 
perties of Hyperons”’.* 

INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION o— (at 
1 Birdcage Walk, Westminster, London, 8 Ww. 1), at 6 p.m.—Dr. H. 8. 
Arms: “The American System of Education and Training of Mech 
anical Engineers” ; Prof. 8. J. Davies: “The Education of Engineers 
in European Countries’ 

UNIVERSITY OF Lemnos (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), 
at 6.30 p.m.—Dr. Ww. . Thompson : “Technologies in the Electrical 
Engineering Industry”’. . (Eighth of ten University Extension Lectures 
> NE, ead and Industry”. Further lectures on December 7 

14.) 

Royal INSTITUTION (at 21 Albemarle Street, London, W.1), at 
. m.—Dr. W. H. Glanville: “Speed on the Road and Related 

ects”. 


Saturday, December | 


ASSOCIATION OF AGRICULTURE, and the BRITISH AGRICULTURAL 
History Society (at the Institute of Education, University of London, 
Malet Street, London, W.C.1), at 11 a.m. —Conference. 


MAMMAL SOCIETY OF THE BRITISH ISLES (at the offices of the 
Zoological Society of London, Regent's Park, London, N.W.1), at 
2 p.m.—Symposium on “Deer”. 

Lonpon County Council (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Sir John Forsdyke : 
“The Origins of Goinage’”’.* 

BRITISH INTERPLANETARY SOcrETY (in the York Hall, Pema Hall, 
Caxton Street, London, 8.W.1), at 4 p.m.—Mr. C. A. Cross: “The 
Use of Probe Rockets”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

GRADUATE TO ASSIST IN THE ELECTRON MICROSCOPY SECTION 
of the Cavendish Laboratory on work in X-ray microscopy and 
related aspects of electron physics—The Secretary to the Department 
of Physics, Cavendish Laboratory, Free School Lane, Cambridge 
(December 1). 

SENIOR LECTURER/LECTURER IN ANIMAL NUTRITION OR ANIMAL 
PuysioLoey in the School of Wool Technology, New South Wales 
University of Technology, Sydney, Australia—The Agent General for 
New South Wales, 56 Strand, London, W.C.2 (Australia, December 14). 

CuHatR OF CHEMISTRY—The Secretary, The University, Exeter 
(December 15). 

FARM DEMONSTRATOR (with a degree in agriculture, or an honours 
degree in pure science, followed by an adequate postgraduate quali- 
fication in agriculture, together with farming experience) at Cam- 
bridge University School of Agriculture—The Secretary, School of 
Agriculture, Cambridge (December 15). 

LECTURER (preferably with a degree in chemical engineering, 
chemistry or engineering) IX CHEMICAL ENGINEERING— The trar, 
King’s College, Newcastle-upon-Tyne (December 17). 

SENIOR LECTURER IN PSYCHIATRY at the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, Decem- 
ber 18). 

LECTURER IN AGRICULTURE (ANIMAL HUSBANDRY) at the University 
College of Rhodesia and Nyasaland—The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 

y.C.1 (December 

SCIENTIFIC OFFICER, Grade I (with a first-class honours degree 
with chemistry as a ‘major subject) IN THE DEFENCE STANDARDS 
LABORATORY, Department of Supply, Alexandria, New South Wales, 
Australia, for research into problems associated with the production 
of protective coatings on metals by electrochemical means and with 
the evaluation of such coatings for effectiveness and serviceability 
as corrosion barriers—The Senior Representative (AP.70), Department 
of Supply, Australia House, Strand, London, W.C.2 (December 22). 
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cept BOFESSOR oF _GEOGRAPHY at the wy > A Ceylon—The 
of Universities of the Brit Commonwealth, 
Fr Gordon oI London, W.C.1 (Ceylon, December 28). 

LECTURERS (2) IN VETERINARY PATHOLOGY, and a LECTURER IN 
CLINICAL VETERINARY PaTHOLOGY—The Registrar, The University, 
Liverpool (December 29). 

CHalm OF APPLIED MATHEMATICS in the University of Malaya— 
The Secretary, Inter-University — rn for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 (December 31). 

LECTURER IN SOCIAL 1 aeeoeseear at the University College of 
Rhodesia and Nyasaland—The Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 

December 31). 

: Puysics TECHNICIAN (with a good technical hackground and able 

to undertake instrumental designs) IN THE RADIOTHERAPY DEPART- 

MENT, Auckland Hospital, for work which will include the construction 

of devices of a precision nature in addition to general duties in main- 

taining deep X-ray thera; ray units—The High Commissioner for New 
———- New Zealand House, 415 Strand, London, W.C.2 (New 

December 31). 

ml LECTURER IN BIOCHEMISTRY at the University of Mel- 
bourne, Australia—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, 
December 31). 

SENIOR LECTURER of LECTURER IN GEOLOGY at the University of 
Melbourne, Australla—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, December 31). 

SENIOR LECTURER or LECTURER (preferably with a special know- 
ledge of mineralogy, economic geology, or similar subjects) IN GEOI OGY 
at the University of Melbourne, Australia—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (Australia, December 31). 

SENIOR TECHNICIAN IN THE FACULTY OF AGRICULTURE, University 
College, Ibadan, Nigeria—The Secretary, Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W.C.1 
(December 31). 

PosTDOCTORAL FELLOW (with a Ph.D. in physical chemistry, and 
experience either in high polymer chemistry or in -4 kinetics) 
IN THE DEPARTMENT OF PHYSICAL STRY—Prof. F nton, 
School of Chemistry, The ne Leeds 2 hui’ b 

TURNER AND NEWALL FELLOW for research in ~ 2 in- 
organic chemistry or physics, at Durham or Newcastle—The Regis. 
trar, University Office, 46 North Bailey, Durham (January 5). 

‘ANT or ASSOCIATE PROFESSOR (with graduate training in 
physics, and also research and practical experience in the field) oF 
GEOPHYSICS—The Head of the Department of Physics, University of 
British Columbia, Vancouver 8, B.C., Canada. 

FIELD OFFICER (AGRICULTURE) (aged 30-40, with sound tropical 
experience of experi tal farm and a knowledge of 
preparing and recording experiments) IN THE TANGANYIKA GOVERN- 
MENT AGRICULTURAL DEPARTMENT—The Crown Agents, 4 Millbank, 
London, 8.W.1, — M.3A/43540/TA. 

GEOLOGISTS (with t- or upper division second-class honours 
degree in geology) o THE MINES AND GEOLOGICAL DEPARTMENT, 
Government of Kenya, for geological mapping, examination of mines 
and prospects, and preparation of ———_s maps and reports 
suitable for puolication—The @ Director of tment, Colonial Othe, 
London, 8.W.1, quoting BCD.99/7/ 

LECTURER (with a university degree ‘in physics or electrical engineer- 
ing, together with experience in telecommunications, radar, microwave 
techniques, or allied subjects, and preferably with a knowledge of 
aeronautical applications) IN THE DEPARTMENT OF AIRCRAFT ELEc- 
TRICAL ENGINEERING—The Recorder, College of Aeronautics, Cran- 
field, Bletchley, Bucks, quoting Ret. ER/L. 

LECTURER (with an honours degree or equivalent qualification, 
and able to teach inorganic and analytical chemistry to Grad.R.1.C. 
standard) IN THE DEPARTMENT OF CHEMISTRY AND BIOLOGY, College 
of Technology, Liverpool—The Director of Education, 14 Sir Thomas 
Street, Liverpool 1. 

RESEARCH OFFICER (with - ayy — y or age og 

referably postgraduate experience in virology) mainly for tissue 
vaatune onk—The Secretary, Institute (Animal Virus 

Diseases), Pirbright, Surrey. 

SENIOR LECTURER (with a degree in engineering or in physics and 
oaten S in the refrigeration industry) IN REFRIGERATION at the 
National College for Heating, Ventilating, Refrigeration and Fan 
Engineering—The Clerk to the Governors, Borough Polytechnic, 
London, 8.E.1. 

SENIOR SCIENTIFIC OFFICER (with a first- or second-class honours 
degree or equivalent in engineering, mathematics or physics, and at 
least three years postgraduate research experience) with the Ministry 
of Supply at Boscombe Down, near Amesbury, Wilts, for helicopter 
research—The Ministry of Labour and National Service Technical 
and Scientific Register (K), 26 King Strest, London, 8. W.1, quoting 
C.293/6A. 
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Smithsonian Miscellaneous Collections. Vol. 131, No. 7: 
Upper Paleocene Mammalia from the Almy Formation in Wester 
Wyoming. By C. Lewis Gazin. Pp. iii+18+2 plates. (Publicatia 
4252.) (Washington, D.C.: Smithsonian Institution, 1956.) {2 
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